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CHAPTER I 
INTRODUC'riON 
1. Introduction 
The grade placement of· scientific principJ.e s has been 
undertaken by the Boston University School of Education, 
I 
· 4f4S.Zt; 4J UL.· r.,_. 
Science Department, as a project to be carried on through the 
succeeding years under the direction of Dr .. John G. Read. 
The experiment will be concluded when enough pupils and 
schools have been included in the study to make the conclu~ 
sions statistically significant. As more data are accumu-
lated, the extent to which the study will have to be 
carried should become apparent. When a sufficient nUmber 
of principles has been tested a complete overall report can 
be written giving the conclusions. That is, there will be 
a "percentage of learninglf index.for each principle for 
each modal .mental age l.evel. From this index it should be 
possible to ascertain that if a certain principle is taught 
to a certain ;modal ;mental age level then a certain percent-
age of the pupils can be e.xp ected to learn the principle .. 
This year both the background for the study and the 
design of the experiment are being done under the guidance 
of Dr. Read and Mr. Herbert Oxendine. Also, the first 
group will start the experiment with each experimenter 
2 
taking one principle. The teaching method will be a lecture-
demonstrat~on. The amount or learning will be measured by 
identical tests given before and after the lecture-demonstra-
tion. Data to be gathered will consist or the test scores, 
the pupil 1 s I.Q., M.A., C.A., sex, previous science instruc-
tion and s·cience background.. The result s to be found by 
each individual participating in this study will be for only 
one or two grades in several schools. This will give an in-
dication of the next grade that should be tested depending 
upon the npercentage of le arningn ror that modal mental age 
level. 
As the study proceeds investigation into these prin-
cip~s will be continued and others started until there is 
an index of the 11 percentage of learners 11 f'or each modal 
mental age level for each principle. Each experimenter 
starting a new principle will leave his material for many 
teachers-in~service to use when he is finished. This will 
include the demonstration, a copy of the script, a tape 
recording of one of' the actual lecture-demonstrations and 
the test. The same material will be used throughout the 
study for the same principle. The sample of schools will be 
uhosen each year so that compl~te coverage may be made or 
each socio-economic level for grades 3-12. 
It is assumed for this study that there will exist a 
3 
difference in the percentage of learners at different mental 
age levels. It is also assumed that the time spent in a 
good demonstration with a carefully prepared talk would pro-
duce a small increment of learning. 
The committee whose responsibility it was to compile the 
data included in the literature ~s background for this study 
consisted of the following memqer~ under the chairmanship of 
Norman G. Mills: 
Isabel L. Bouin 
John T. Callahan 
James Creighton 
Wallace .J. Gleelonan 
Eugene H~ Goldrick 
George F. Griffin 
Robert ;a:. Jackman 
Eleanor Kancevitch 
John G. Minot 
Henning A. Sahlberg 
Vincent J. Silluzio 
Schuyler Go Slater 
Virginia M. Wilson 
• 
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2. Justification 
Very little scientific evidence is available on the 
grade placement of science principles. Because of the 
great increase of scientific k11owledge.1 educators emphasize 
the need for research that will determine the age levels at 
which science concepts,. principles and skills may be intro-
duced into the curriculum With qptimum effectiveness. 
Beck11states that b~cause $cientific knowledge is 
accumulating at such a rapid rate, there is neither time 
nor excuse for teaching the elementary scientific concepts 
in the higher grades. He points out that the scientific 
background and founqation prerequisite to an understanding 
of the individual science courses offered in the high 
schools are ]_acking in the beginning students. To find a 
solution to this problem, he suggests that research be 
started to determine, 11 .,.what fundamental4' of science can 
we expect most children of similar ability and cultural 
background to master at each m.aturi ty level 11 .•. 2/ 
From a ?regress Report of the Committee on Research 
in Elementary Science for the National Association for 
Research in Science Teaching, Venilll./believes that with 
1/ Alfred D. Beck, '.'Some Unanswered ~uestions ·Pertaining 
to the Organization of a Twelve Year Science Sequence", 
Science Education (April, 1948), 34:176-177• 
. .. 
2/ Ibid., p. 177. 
--
;J./ John Venill, 11 Needed Research Studies in the Junior 
High Schools 11 , .Science Education (April, 1948), 32:175-185 .. 
5 
the great expansion of scientific knowledge, concepts 
which ~eviously have been reserved for high school science 
cours~s will have to be taught in the junior high schools, 
He summarizes that, " ••. studies should be made on pupil 
readiness for more advanced science concepts." 1/ ...,. 
In the Thirty-first Yearbook the National Society for 
the Study of Education2/suggests that a twelve-year sequence 
of science be taught, based on the broad generalizations of 
science. As an outgrowth of this plan, many problems for 
research were recognized. Morrison3/places the selection 
and sequences of courses within the curriculum and the 
grade placement of topics at the top of a list of needed 
research in science teaching. 
However, research on the location of curricular 
material in science classes is complex. In order to make 
such studies objective and meaningful, educators, says 
Bellack, must take into consideration the basic findings 
from the fields of educational philosophy, sociology, 
child growth and development and psychology of learning.4/ 
1/ John Venill, op. cit., p. 175. 
2/ National Society for the Study of Education, A Pro6£am 
for Teaching Science, Thirty-first Yearbook, 1932, Part I, 
The University of Chicago Press, Chicago, Illinois. 
]./ Ibid., p. 354. 
4/ Arne A. Bellack, 11 Sequence and Grade Placement11 , Journal 
of Bducational Research (April, 1948), 41:623. 
•• 
' 
The writer believes that the aim of education is to 
give some meaning, some security and purpose in life. 
Ideally, education should provide an under•standing of the 
diversity and richness of the present-day world and take 
into account our uncertainty on ideas of life and the uni-
6 
verse. More spepifically, science education seeks to teach 
effectively those principles and skills of science wnich 
touch so largely upon everyday life. The aims of science 
teaching are con~ributory to the aims of education, mainly, 
as Bellack says,) 11 life enrichment. 111/ 
In our society great emphasis is placed on education. 
Laws compel schooling up to a certain a~e, and all children 
are assured a free education. It is the school.ls responsi-
bility both to society and to the children to present those 
activities which will prepare the individual student to 
participate intelligently in our democratic society. 
Bellack_g/further says, 11 In planning the sequence and 
placement of school experiences, then, consideration must 
be given at every stage to the demands of society in regard 
to both the important responsibilities of citizenship and 
1/ Arno A. Bellack, op. cit., p. 42. 
:?:_/Ibid., p. 623~ 
the great variety o~ learnings and adjustments occasioned 
by circl,mlstances peculiar to our culture. 11 
In part, grade pLacement of curricular material is a 
matter of providing experiences at each grade level which 
are suitable to the maturity levei of the students and are 
designed to achieve the obje ct:;t ves. 0~ the program. 1/ 
7 
Kingsley defines maturation as 11 ··~the no:rmal physical growth 
of the physiological functions. If these physiological 
structures have not developed to the point where the child 
can carry on the activity essential for a particular kind 
of learning, it is quite obvious he will be unable to 
achieve success in this direction. 112/ 
In order to obtain the maximum efficiency in learning, 
maturation o~ the child must be considered carefully. 
HilbrethJ/points out that if a child is presented with a 
problem which is beyond his maturity level, he will reduce 
or simplify the problem to his own realm of understanding 
Which may lead to misconceptions and make learning more 
difficult when the proper maturation level is reached. 
1/ Ibi.d., p. 62.5 
2/ Howard L. Kingsley, The Nature and Conditions of Learnin6, 
Prentice-Hall Inc., New York, 1949, p. 49. 
3/ Gertrude Hilbre th, 11 The Difficulty Reduction Tendency in 
·Perception and Problem Solving11 , The Journal of Educational 
Psychology (April, 1941), 32:30.5-313. · · · · · · 
I 
• 
WashburneY points out that if a child is presented with a 
problem above his maturity level with the implication that 
he should succeed, it will give him a feeling of failure 
and undermine his security. "Instead we must guide him 
8 
into those learning situations that he can attack effective-
ly and with sufficient success to yield satisfaction, en-
couragement and growth. 11Y 
Many of the studies tha.t hav.e attempted to assign 
learning experiences to def~nite maturity levels have been 
concerned with motor-skill development in pre ... school child-
ren. 3/ But a number of studies have been made to determine 
the role that maturation plays in the development of various 
concepts, among them that of Pistor4/ who conducted an ex-
periment to determine how time concepts are acquired by 
children. Two groups of 320 children were used in the 
study. In grades four and five, traditional separate 
courses in geography and history were taught to one group 
while the se·cond group was taught geography as a major 
1/ National Society for the Study of Education, Child 
Development and the Curriculum, Thirty-eighth Yearbook, 
1939, Part I, University of' Chicago Press, Chicago, Illinois. 
2/ Ibid., p. 3, 
3/ Marian E. Breckenridge and Elee Vincent, ChiJd Develop,:: 
ment, W. B. Saunders Company, Philadelphia, 1949~ 
4/ Frederick Pistor, 11 How Time Concepts Are Acquired by 
Children11 , Educational Method (Nov. 1940), 20:107-112. 
course and history incidentally~ In the sixth grade the 
first group was given instruction with special attention 
placed on time charts, time lines and other teaching aids. 
The other group had regular instruction with no special 
im:portanc·e placed on time concepts. Through analysis of 
9 
test results at the completion of the sixth gTade, it was 
found that the group with special instruction gained 
slightly, but not significantly, in time-concept understand-
ing, over the group without special instruction. Pistor con-
cludes that 11 ••• evidence points heavily in favor of matura-
tion rather than training as the dominating factor in time-
concept development. nl/ 
Piage~/ attempted to assign stages in the childls 
thought development to maturity levels. Through personal in-
terviews, questions were asked relating to the childts ideas 
of the causes of natural phenomena. The responses were then 
placed in categories developed by Piaget~ For example, 
Piaget traced three steps in concept development relating 
to the origin of the sun and the moon. The first step was 
that of artificiality of that the sun and moon were made by 
some human being. The second step was a belief that the sun 
1/ Frederick Pistor, op. cit., p. 111. 
£/ Jean Piaget, The Child's Conception of the World, 
Harcourt, Brace & Company, Inc., New York, 1929. 
10 
and moon were developed by a combination or artiricial and 
natural causes. The third stage in this development was the 
belier in a completely natural origin of the sun and the 
moon. The implication was that the child passed from one 
stage to another only' when he had reached the proper matur-
ity level. Due partly to the complexity and the subjective 
nature of interpreting the responses of the children, Piaget's 
method has been criticize~ and his conclusions challenged. 
Deutsche!/ conducted~ study at the University of 
Minnesota in another attempt to trace the development of 
concepts of causal relations in children. Identical demon-
strations and tests were given to children' in grades three 
through eight. Three experts familiar with Piaget 1 s work 
attempted to classify the answer,s to the test items into 
Piagetts categories. There was little agreement among the 
jury as to where each response should be placed. It was 
found that there was a great deal of overlapping, that 
most kinds of answers were found over the entire age group 
and that the answers of children of a given age group could 
not be classified into a single v.rpe. Deutsche concluded 
that 11 Causal thinking apparently does not develop by stages 
1/ Jean Marquis Deutsche, The Development of Children's 
Concepts of Causal Relations~ The University of Minnesota 
Press, Minneapolis, 1937. 
ll 
but by a gradual process. 111/ She also found that the 
adequacy of the answers to the test questions increased with 
age, and the greatest increase noted was between the ages of 
11 and 12 years. 2/ 
Haupt~./ sought to gather ev:Ldence to find out if young 
children were capable of the mental activities associated 
with the 11 large generaliz;ation11 type aim. His study was 
limited to grades one through .s:irx. Haupt found that the 
ability to generalize prevailed at all grade levels, but 
that this ability was limited by the complexity of the con-
cepts studied. 
Croxtont s4/ study also indic-ates that children in the 
higher primary, the intermediate and the junior high school 
are capable of generalizing. 
However, grade placement of curricular material is not 
entirely a matter of maturation. It is a matter of learning 
readiness which includes maturation, experiential levels, 
interest and attitudes, social pressures and training. But 
];./ Jean Deutsche, op. cit., p. 93. 
2/ Ibid., p. 29-42. 
3/ George w. Haupt, An Bxperimental Application of a 
Philosophy of Science Teaching in an Elementary School, 
Teachers.College, Columbia University Contributions to 
Education, No. 633. Bureau of Publications Teachers 
College, Columbia University, New York, 1935. · 
11:/ W. C. Croxton, 11 Pupils Ability to Generalize 11 , School 
Science and Mathemat~cs (Jan. 1936), 36:627-634. 
• 
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these factors are extre~ely difficult to separate for study. 
In the human body every organ is an integrated part of the 
who2 body. If one organ is malfunctioning, it will affect 
the normal activity of the whole organism. Similarly, the 
child is a composite of many factors, each affecting the 
functioning of the other. 
All experiences, according to Dewey,l/ both take up 
something from those which have gone before and modify in 
some way the quality of those which come after. West2/ 
says that it is useless to show that a given volume of warm 
air is lighter than the same volume of cold air before the 
concept that air is something that has weight and occupies 
space is understood. So while the pupil may be at the 
maturity level for understanding a certain concept, if the 
necessary background is lacking 1 he will not learn effect-
ively. Even if the maturity and experiental levels are 
adequate for learning, lack of interest or proper attitudes, 
inadequacy of teaching method and materials may account for 
unprofitable learning. 
1/ John Dewey, Experience and Education, The Macmillan 
Co., New York, 1938, p. 27. 
2/ Joe Young West, liDo vVe Expect Too Much or Too Little 
of Children from Their bxperiences in Science?" Science 
Education (Oct. 1944), 33:298. 
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This. study is designed to establish a learning index or 
the various scientific principles. This learning index will 
indicate the approximate mental age level at which these 
principles can be taught effectively to children or s~ilar 
ability and background.. Becav.se of the complexity of the 
learning process, absolute values as to where each principle 
should be included in tp.e cw:-riculum is not expected, but 
the results may prove helpful to curriculum planners in 
determining the grade placement of these principles~ The 
results of this study will be of importance to classroom 
teachers, textbook writers, standardized-test makers, and 
producers of visual-aids. It may, moreove:r>-, help bring · 
about an orderly, systematic teaching of science, resulting 
in more and efficient learning. 
3. Design of the Experiment 
A. Scope and Limitations 
The objective of this study is to establish a learning 
index for a number of scientific principles both in the 
elementary and secondary grades, the total study being made 
over a period of app.roxima tely ten years. An index o:f 
learning is to be assigned to eaqh level at which the 
experiment is carried out. 
A beginning has be~n made here by twenty~eight students 
working with different principles. Subsequent investigato~s 
using identical techniques with the same or other principles 
at diff"erent age levels may, after having secured data on a 
large number of pupils, predict with some accuracy where a 
certain principle might be taught with knowledge of its 
being understandable to the majority of pupils at that age 
level. 
The procedure to be described is essentially the same 
in all the studies made by these twenty-eight investigators. 
However, since certain of these persons could not, of 
necessity, meet all of the conditions here set down because 
of their own teaching duties, the procedure has had to be 
slightly varied in such cases. Whenever any changes have 
been expedient, it will have been noted in subsequent 
chapters. 
15 
The population used in the study made by this ~irst group 
of investigators is composed of pupils ~rom the third to the 
twel~th grades. They are a strati~ied sampling of the school 
population o~ several N~w England states. 
Each pupil's mental age is ~own through the use of 
chronological age; as furnished either by the pupil himself 
or the teacher, and the I .Q .. obtained t·rom the results of 
the administration of the Otis Qui~k-Scoring intelligence 
test. This enabled the experimenter to establish the mental 
modal age for each grade division of pupils tested. 
The pupils whose test scores are included in the study 
all have mental ages within the limits of one year from the 
highest to the lowest. Once the modal mental age had been 
established, only the scores of those pupils with mental 
ages of plus or minus six months from the mode were selected 
to be included in the subsequent analysis. 
Each investigator has examined two class divisions in 
five schools. Of the total of ten groups included, five are 
samples of the same grade level and the other five are sam-
ples from a different grade level which are separated from 
the first five samples by two years; that is, if a particular 
investigator chose five tenth-grade divisions, he will also 
have chosen either five ei@lth- or five twelfth-grade 
divisions. 
16 
Two examinations have been given to all pupils included 
in this study. The first will be known as the pre-test and 
the second as the post-test. They were identical. The 
post-test was t;,iven within an hour after the administration 
of the pre-test. The time lapse between the two was occUpied 
either by the presentation of a demonstration serving to 
illustrate the particular principle being tested, in the 
case of what is known as the experimental group, or by 
reading non-relevant material by the group to be known as 
the control. 
Strict discipline was maintained in each group. in 
order that the pupils might not communicate with one another 
or be distracted from the examination or the demonstration 
given. 
The demonstration was of large enough size, and was 
well lighted, so as to be seen by all the pupils in the 
class room easily. 
B. Discussion of Procedure 
The first step involved the selection by each investi-
gator of a principle to be demonstrated and tested. Such 
accepted lists as that compiled by Robertson1/ were consulted. 
1/ Martin L, Reb ertson, 11 Selection of' Science Principles 
Suitable As Goals of Instruction in the Elementary Schoolu, 
Science ~ducation (April, 1935), 19:65-70. 
17 
A review o~ the literature established that the teach-
ing o~ principles is an ef·~ective method ~or teaching 
science. It was found that ~acts were retained better when 
pupils were taught by principles. Also, relationships in 
applied learning were perceived more easily. Further ~ind­
ings on science teaching by principles are discussed in 
greater detail in a subsequent section. 
The second step consisted in devising one or more 
demonstrations which illustrated the chosen principle. The 
time allotted for this teaching material was in most cases 
approximately 15 minutes. These demonstrations were necess-
arily simple, large, and contained as nearly as possible 
the 11 purity o~ concept 11 which has been interpreted by 
Nichols~/ to mean that the demonstration illustrates one and 
only one principle. But if all other principJes could not 
be eliminated, they were judged not to detract ~rom the 
principle which the demonstration illustrated; they were 
judged not to lead to a misconception o~ the material taught. 
The demonstration material o~ each experimenter was 
decided upon and the apparatus set up a~ter having been pre-
sented t,o and passed on by a board consisting of a small 
group o~ investigators who, in turn, held their demonstration 
1/ w. M. Nichols, New and Im:Eroved Demonstrations For Use 
!n Teachin,_ Scienti~ic ?rinc'i 'les in Chemistr , Unpubli'shed 
·aster's Thesis, Boston University School o~ Education, 
1950, p. 4· 
• 
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material up to scrutiny by fellow board members. 
In a subsequent section of this thesis are discussed 
the criteria for a good demonstration. The eleven pertinent 
points are summarized as follows; 
1. The demonstration should illustrate a basic principle. 
2. The demonstration should illustrate one principle 
only. 
3. The action of the demonstration should be clearly 
visible to all. 
4• The apparatus should be on a large scale. 
5. The demonstration should work; it should be as 
6. 
7. 
8. 
9· 
10. 
infallible as possible. 
The demonstration should be simple and the speed 
of action suitable. 
The demonstration should be dynamic. 
A slight dramatic element is sometimes useful. 
An element of the unexpected is sometimes effective. 
The apparatus should be of easily available and 
inexpensive material. 
11. The apparatus used in a given demonstration should 
be stored away intact until it is to be used again. 
All members of the group have adhered rigidly to these 
criteria. 
It might be mentioned here that research, which will be 
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described in Chapter 2, on the idea that demonstrations are 
effective brought to light the fact that the demonstration 
is equal to or better than any other method of teaching 
science. Thus it is seen that if a particular scientific 
principle can be taught; at a certain age 1e vel, the demon-
stration method is as good a way known to aid in the teaching 
of it. 
After having perfected the demonstration a third step 
in the procedwe was followed. Each investigator devised a 
test of the four-answer multiple choice ty~ to be adminis-
tered in not over 15 minutes time. This type consisted of 
approximately thirty items divided into three groups. The 
first ten items were based directly on the demonstration to 
be given. The second group consisted of items which involved 
transference; that is, these items did not test an understand-
ing of the demonstration directly but tested the ability to 
apply the scientific principle involved to other simp2 near~ 
by situations. The last ten items were more difficult; 
they involved an application of the principle but were of 
such a nature that correct answers might be made by the pupils 
who had gotten the most from the demonstration. 
All of the items were so worded that the pupil could be 
given this test before the demonstration had been seen and 
yet answer the questions if he understood the principle. 
• 
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For example, a question might be begun with a phrase such as 
"If' a tight wire is plucked, •••.•• 11 , etc. 
In order to establish a s~itable vocabulary for the items 
on the test, Thorndike' sY Teacher t s Word ~ was used. 
This volume lists words ~sed most often in standard English 
reading material. Words used in the items were compared with 
the list to suit either the elementary or the secondary 
grades. If th~ particula~ words we~e not mentioned, others 
. . . ' 
had to be substituted. The fina~ form of the test contained 
a vocabulary which was suitable to the level at which each 
investigator was working. A copy of' the writer's test is 
included in the appendix. 
The test items were put in the interrogative form when-
ever practical with the answer to each consisting of' one 
correct response and three distractors. 
When the test was completed, it was presented to the 
same board which had previously judged the quality of· the 
demonstration material. The items were passed if', in the 
opinion of' the board, they were valid. An answer sheet for 
the test was devised whereby an enclosed space was left· 
after the number of' each item for the letter of' choice. 
The fourth step in the procedure involved the adminis-
tration of the test to approximately one hundred pupils of' 
the same grade level as the pupils for which it was finally 
1/ l!.dward L. Thorndike and Irving Lorge, The Teacher 1 s Word 
Book of' 30,000 Words, Bu:r>eau of' Publications, Teacherts 
College, Columbia University, New York, 1944. 
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intended. The results were incorporated in an item analysis 
which is described in a later section of this thesis. Any 
items which were shown not to be serving especially well were 
left on this final form ot the test b~t only those items 
which were functioning wel~ we~~ used in subsequent com~ 
pilations. 
As the fifth step, a script :to accompany the demonstl:'a-
tion was written by each investigatol:' using a suitable 
vocabulary selected from Thorndike's word list. 1/ This was 
not to be read to the experimental group while the demon• 
stration was shown but served. as a guide tor the demonstra-
tion lecture, key points of the written procedure having 
been committed to memory by the expel:'imenter. This mini-
mized the probability of the individual lectures varying 
widely from day to day. 
The investigator then presented his lecture and demon-
stration to a few pupils inviting comments after the pre-
sentation. In this manner both the script and demonstration 
were refined. 
At this point in the procedure, the test and the demon~ 
stration were ready ~to be given. Each investigator had 
written to superintendents of schools, receiving permission 
to test pupils of two part~cular grades in each school. 
1/ Edward L. Thorndi~e and Irving Lorge, E.E• cit. 
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f\,ltogether five schoo.ls were selected and the pupils of two 
grade divisions in each school were chosen as subjects for 
the experiment. In some cases, investigators chose the 
elementary gJ:>ades and in others, the secondary. 
The sixth step involved the administration of the Otis 
Quick~Scoring intelligence test, by the investigator or the 
teacher of each particular division, during a period within 
two weeks of the demonstration. 
The largest part of the experimental work is contained 
in the seventh step. On a prearranged date at a prescribed 
hour all the students of one class were pre-tested at t~e 
same time; that is, the examination was presented to the 
pupils before the principle was demonstrated. They were 
first given a test booklet and an answer sheet marked 
~est 1 on which there was a place for the filling in of the 
following information; name, sex, date of birth, name of 
school and town, and the previous training each pupil had 
in science. With regard to same of these items, in the lower 
elementary grades the information noted had to be checked 
and, many times, supplied by the teacher. 
Each answer sheet contained a random number in the upper 
right hand corner and also a place for the investigator to 
later fill in any information he desired ~uch as socio-economic 
background, I.~., etc. A sample answer sheet is shown in the 
23 
appendix. 
The time allotted for the pre-test was approximately 
fifteen min~tes. At the end of this time the answer sheets 
were collected and ha+f of' the pupils in the class were sent 
to an:other room, after handing their test booklets to the 
demonstrator or the teachE;Jr in. charge. The remaining half" 
kept their booklets and stayed ;Ln: the room to see the demon .. 
stration. 
Half of the pl,lpils were rand9m;Ly selected according to 
a method used by Lindquist 11. A table in his book was con• 
sulted and utilized. To explain the use of the table, it is 
perhaps expedient to use a hypothetical class in a single 
run of the experiment. Since there are 36 pupils in this 
class and half are to be selected at random, 18 pupils must 
be chosen arbitrarily. The first step is to assign numbers 
from 00 to 35 to the 36 answer sheets. This may be done in 
any order. Then it is necessary to select a starting point 
on the table by referring to a column and row number. As 
Lindquist ~/ states, 
"This starting point should be determined before 
looking at any number in the table. Once having se-
lected the starting point and direction, no pecularity 
in the numbers read should be permitted to cause one 
to disrega1.,d the results and start anew at another 
point. 11 
17 Everet F.Lindquist, Statistical Analysis in Educational 
Research, Houghton Mifflin'Corilpany,Boston, 1940, table 18, 
p. 262 
2/ ~·~ Po 26. 
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F~om the starting point and reading in the chosen direction, 
the first 18 unlike numbers below 36 are taken and the pupils 
previously assigned these numbers are then one of the halves 
of the ciass. 
After the clas·s was div;i,de\i$ the answer sheets for the 
pre~test wepe collected and half the class was removed, as 
stated above. This nalf W~S designated as the control 
group. They spent the next 15 mir.tutes reading silently some 
non-science material in another room. 
Up to this time, the demonstration apparatus~ which 
had been rreviqusly placed in the room where the pre-test 
had been given, was kept covered with a cloth. With only 
halt the original group present, these demonstration materials 
were uncovered and the investigator began his experiments 
with his accompanying remar.ks of explanation. 
When the demonstration, having lasted approximately 15 
minutes, was over, a post~test answer sheet marked Test 2 
was distributed to each pupil. This sheet was the same as 
that for the pre-test with the exception of the identifying 
test number. The original closed test booklet, which was 
to be used for the post-test, had been placed in the upper 
right hand corner of each pupil's desk. The group had pre~ 
viously been cautioned by the demonstrator not to open the 
booklets or talk among themselves while he was experimenting. 
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The post-test, being identical to the pre-test since the 
test booklet containe\1 only the one test, was then adminis-
tered to this experimental group. At the end of the allotted 
J5 minutes, the booklets and b9tb answer sheets were collected. 
Meanwhile in the :l:'oom to wpich the othe:l:' half of the 
class, the control group, had moved, the same post-test was 
given as was administered to th~ experimental group by a 
teacher who also supplied the pupils with an answer sheet 
marked Test 2 and a test booklet. After about 15 minutes had 
elapsed, the papers and booklets were collected. 
In the cases where the investigator was working with 
elementary grade school pupils, the demonstration was given 
to the control group afte~ they had taken the post-test be-
cause of the interest they undoubtedly had, because of ad-
ministrative reasons, and, more important, because the time 
element was not such an impo:l:'tant factor as it was in the 
secondary school where the control group was not given the 
demonstration. 
This same procedure was repeated with individual divi-
sions in each school until, as mentioned above, data on a 
total of ten divisions in five schools was collected. 
It has been found that a reliable method of measuring 
the amount of learning of some specific activity, is by 
means of the test-retest method, By using the test-retest 
method, the level of previous knowledge concerning the 
activity may be established. Using this information any 
gain in knowledge can .be e~sily established. A detailed 
se.ction on the test technique will be found in the next 
chapter. 
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The eighth step iri the experimental procedure involved 
the compilation of statistics us:l,.ng the scores on both the 
pre-test and the post-test, the group modal mental age 
which had been computed from the I.~. and the chronological 
age of each pupil. As was stated above only the scores of 
those pupils with mental ages of plus or minus six months 
from the mode were included in the statistical analysis. 
If a pupil of the experimental group showed a lack of under-
standing of the questions relating directly to the demonstra~ 
tion on his post-test, his scores were excluded from the 
analysis. A score which was less than 80 per cent correct 
on this part of the post-test was not used. The second 
chapter of this thesis contains a detailed explanation of 
how the scores were handled statistically. 
The ninth and final step of the procedure was the making 
of a tape recording using the previously refined script for 
the demonstration lecture. When this had been done and the 
resulting recording found satisfactory, it was packaged along 
with the test booklets, sample answer sheets, and the 
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demonstration materia~. In this way, all necessary informa-
tion and equipment will be ready ~or ruture investigators 
using the same principles. 
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CHAPTER II 
SURVEY OF RELATED LITERATURE 
1. Teaching by the Use of Principles 
The teaching of science by principle rather than by 
extraneous collections of facts has been generally accepted 
by educators .. The Thirty-first Yearbook of the National 
Society for the Study of Education, says that life enrich-
ment, the aim of education, can best be achieved if the 
schools activities are 11 of the kind from which ideas may be 
developed and if the ideas may in turn be associated into 
principles and generalizations that are interwoven into 
human experience. Functional ~earning is conditioned upon 
attainment of some such integration. 111/ 
Hoban says: nEducation is not simply the accretion oi' 
information. It involves the fundamental knowledge and the 
understanding of the basic principles of the universe, of 
which man is a part.n_g/ 
The inductive method.--Here the learner arrives at a 
general conclusion, e.g. certain laws of physical sciences, 
1/ National S~ciety for the Study of' :i1duoation, A Program 
f'or Teaching Science, Thirty-f'irst Yearbook, 1932, Part 1, 
p. 242,. The University of' Chicago Press, Chicago, Illinois. 
2/ Charles F. Hoban, Focus on Learning, American Council 
on Educat:Lon, Washington D.c.;'1942, P• 34. 
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by examining a number or individual cases. The weakness 
in this method is that there is a possib.:i.li ty or too general 
a conclusion, as the enumeration or particulars can never be 
totaled. For example after several enumerations or plants 
having flowers such as, the cactus has a flower; the buck-
wheat has a flower; the strin~bean has a flower; we might 
conclude_ all plants have a ·flower. This is too general a 
conclusion as there are ~ctive fWigi which do not possess 
flowers. Induction is thus essentially imperfect as a mode 
or reasoning, though invaluable as a means. or rixing general 
principles and laws amid the succession or particularities 
given in experience.l/ 
The· deductive method.~-The learner reasons rrom a 
principle to a particular. It is in this method tFat we 
shall be mainly interested, for we are basing our whole ex-
periment on the reasoning powers or the learners to go from 
the principle to a particular inference to the principles 
in their learning process. For example: If the learner 
understands the principle or friction he can deduce that 
heat is released and wear between the surfaces takes place 
when one body is rubbed over another. 
A large amount or our teaching attempts to pupils to see 
1/ R. J. Me Call, Basic Logic, Barnes & Noble Inc., 
New York, 194 7 • ·· · 
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the implication o~ the laws, principles and rules that they 
may have learned. As contrasted with induction, deduction 
is a :much simpler and shorter process. It i¥ an unusual sit-
uation when a bit o~ deductive peaching lasts longer than a 
~ew minutes. 
Advantages of deductive -educative teaching: 
1. Much more simple than the inductive method 
2. Results in very desirable outcomes 
.3 •• Introduces factors of' organization 4 Makes meaningfUl the principles that have been 
mastered already 
5. Arouses puzzle or questioning instinct, a very 
valuable aid 
6. Helps pupils to derive their principles f'rom 
books or demonstrative techniques.~/ 
-
Jones,E/ Leonelli, 3/ Marting/ and others have empha-
sized the value o~ teaching science by principle, and have 
listed hundreds o~ principles. 
However, there is some disagreement as to what consti-
tutes a principle. Heirunann defines a principle as 11 a 
statement or-relationship between two or more ~acts.u5/ 
1/ c. E. Holley, The Teacherts Technique, The Century 
Company, New York, 1924. · · ' 
2/ Ruth V. Jones, A Study o~ the Principles o~ Science 
Found in Ninth- grade Textbooks o~ General Science, Unpub-. 
lished Master's Thesis, University o~ Michigan, 1946. 
3/ Renato E. Leonel~i, Princi les o~ Ph sical and Biolo -
Teal Science ~or Grade Ei . t, Unpublished Master's · Thesis, 
·Boston University, 19 7. · 
J±/ W. Edgar Martin, 11 A Determination o~ the Principles o~ 
the Biological Sciences o~ Importance f'or General Educa-
tion1t, Science Education {March, 1945), 29:100-105; 
{April-May, 1945), 29:152-163. · 
5/ Ailsie M. Heirunann, nA Study o~ General Science Text-
o<;>oks11, General Science Quarterly (November, 1928), 13:1+.. 
e 
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Wilbur's definition as stated by Martin1/ is much more 
precise and makes a principle a very specific kind of gen-
eralization. His criteria state that a principle---'""-
nis stated positively .and definitely 
Is true but with rare exceptions within the 
limitations set up by the statement 
Clearly states or implies a dynamic process 
or interaction 
Is demonstratable' .experimentally 
Is clearly not a part of a larger p:r>inciple 
which can be clearly stated 
Is not merely a definition or description 
Has wide application in the natural environ-
ment and is not ruled out by any of the 
preceding cvi teria. H 
Robertson's definition of a principle was the result of 
many weeks of considel;"ation by a seminar in science teaching 
under F. D~ Curtis at the University of Michigan:£/ 
na. 
b. 
c. 
d. 
e. 
f. 
g. 
To be a principle a statement must be a com-
prehensive generalization 
It must be true without exception within 
limitations specifically stated 
It must be a clear statement of a process 
or an interaction 
It must be capable of illustration so as to 
gain conviction 
It must not be a part of a larger principle 
It must not be a definition 
It must not deal with a specific substance" 
With this definition, Robertson sought to determine a 
comprehensive list of principles suitable as goals of instruc-
tion for elementary schools. He evaluated nine separate studies 
1/ William ~dgar Martin, 11 A Chronological Survey of' Research 
Studies on Principles as Objectives of Instruction in 
Science 11 , Science Education (February, 1945), 29:45-52. 
2/ Martin L. Robertson, 11 Selection of Science Principles 
Suitable as Goals of' Instruction in the Elementary School", 
Science Education (February-April, 1935), 19;1-4, 6.$-70. 
• 
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listing principles found in textbooks, arranged according to 
frequency and stress, by a j~y of three science teachers 
and several subject matter ste cialists. A list of the 243 
principles found was sent to fifteen elementary school 
science teachers and from t~eir ratings 113 principles were 
chosen. These are the principles used in the present study. 
Some results.--There :i,.s considerable evidence that 
scientific principles can be taught effectively to students 
at the secondary level. Freud and Cheronis readministered a 
comprehensive test to students of a survey course in physical 
science one year after the course had been completed. They 
found that principles and the ability to apply such prin-
ciples were retained m~ch better than were unrelated facts.!/ 
Babitz and Keyes paired eight classes in chemistry in 
two California High Schools. Four of the classes, designated 
as the control groups, received standard instruction; the 
other four designated as the e~perimental groups, had direct 
and intensive training on the application of principles. 
The tests administered at the end of the e~periment required 
the solution of problems in chemistry and the identification 
of scientific principles re~ated these two. All the exper~ 
imeiltal groups showed superiority over the control groups in 
1/ Henrietta z. Freud, and CheroJ.+iS~ No D., 11Retention in 
the Physical Science Survey Course'1, Chemical Education 
Journal (June, 1940), 18 t 288-29 3 
• 
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the same schools. The differences however were not statis-
tically significant.1/ Kilgore paired 120 students in high 
school physics with respect to their previous experience in 
science courses studied and l,-~. He found at the end of his 
study that students of both high and low ability were sig~ 
nificantly better in making applications of principles of 
physics when the inst:):'Uctbr Placed emphasis on such applica.;. 
tion.,g/ 
·The evidence from t;hese :s.tudies seems to indicate that 
the learning of principles of science, and the ability to 
apply them, may be attainable objectives of the teaching of 
science at th~ secondary level provided such objectives are 
emphasi~ed in instruction. 
2. The Lecture-Demonstration Method of 
Teaching 
A. The Effectiveness of Lecture-
Demonstrations 
The areas which will be treated in this section 
are to define and describe the term lecture-demon~;~tration, 
and then to quote freely the written opinions of science 
1/ Babitz and Keyes, 11 An Exfteriment in Teaching Pupils to 
Apply Scientific Principles 1 , Science Education (December, 
1939), 23:367-370. 
2/ w. A. Kilgore, 11 Identification of Ability of Apply 
frinciples of Ph:y;sios 11 , Teacher 1s c'ollege Contribution 
to Bducatiori, No. 840., Columbia University, New York, 
1941, p. 34. 
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educators with regard to the use of demonstrations in science 
teaching, describing the psychological and logical basis fo~ 
the use of demonatratj.onr:~in teaching. Then, a review of the 
research in which the lecture-demop.stration is compared with 
other methods of science teach:t.ngw:Lll be presented. 
Before discussing :desirable qualities in a demonstration_. 
Mack1/~ in describing ~nd def~nin~ a demonstration~ says in 
part: 
11 Inherent in the concept -9f. demonstrati!Dn .is the 
factor of movement of a material thing, not a 
static condition or display. A demonstration is 
an appeal through the senses of ~t and of 
hearing, and less freq1).ently through-the other 
senses. Results must follow the purpose~ there 
must be conviction, compelling to an inescapable 
-conclusion. 11 
Regarding lecture-demonstrations, Stuit $nd Englehar~/ 
express their definition by stating: 
11 The term lecture-demonstration i.s used to describe 
a method of teaching in which the teacher carries 
out a demonstration for the entire group and lectures 
in parallel with it. The students observe the demon-
stration and ask any questions which they desire about 
the demonstration or theory involved. 11 
1/ Joseph A. Mack, 11Desirable Qualities in Demonstration 
Apparatus 11 , School S-cience and Mathematics (January, 1950), 
50:21. 
·2/ Dewey B. Stuit, and Max D. Englehart, 11 A Critical 
Summary of the Research on the Lecture-Demonstration 
Versus the Individual Laboratory Method of Teaching 
High School Chemistry 11 , Science bducation (October, 1932), 
16:380. . 
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Any discussion of the use of the demonstration in 
science teaching snould be related to certain principles of 
learning. Potthof~l/ has e~pressed awareness of such a 
!'elationship in the f'ollowing writ;ing: 
liThe use of the concrete, p~rticularly where it 
deals with the unfamiliar, can provide an ex:r:e ri-
mental basis for learning, whether that learning 
be remembering facts, understanding processes, 
seeing relationships, or getting an idea of how 
motor skills are executed. Direct experience, 
especially if it is with the unfamiliar, may 
motivate the learner, attract his attention, 
stimulate his interest, and arouse his curiosity. 
Demonstrations can be helpful also in facilitating 
comprehension of the abstract, giving reality.to 
the spoken word, and reinforcing it by providing 
impressions through several sense avenues. In 
general, learning may be more meaningful, more 
accurate, more complete, and more permanent if 
it is based upon actual experience with that 
which is being studied. 11 
Additional emphasis on the importance of the real or 
direct experience in learning has been made by Richardson 
and Cahoon in Methods and M~terials for Teaching General 
and Physical Science2/. They stated that: 
11 Probably the most usual use of the demonstration 
is for illustrating and explaining scientific 
principles and their applications. For most 
students seeing the real thing is much more 
helpful than reading about it or looking at a 
picture of it.n · 
1/ EdwardF. Potthoff, ttThe Use of Demonstrations in 
Science Teaching", Science Education (December., 1945), 
29:253. . 
2/ Johns. Richardson and G. P. Cahoon, Methods and 
Materials f9r Teaching General and Phlsica1 S.oienc~, 
McGraw Hill Book Company, New York, 1951, p. 17. · 
• 
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Whether the demonstration precedes or follows activi~ 
ties such as discussion~ reading, films, and laboratory 
work, it may not automatically provide an understanding; 
but it furnishes a real exper~enc~ upon which the teache~ 
may build, along with other: well~cho~en procedure.s and 
activities. 
Demonstrations can pe ·usE?d .for providi:q.g pupil exper• 
iences in thinking. Cahoon's1/ v;tews on this topic are, in 
part, these: 
11 The demonstrations, laboratory experiments, 
directed studies, pupil projects, motion 
pictures, textbook statements, and pupil-
teacher discussions are teeming with possibil-
ities for pupil experience in thinking. It is 
largely a matter of utilizing these appropriately 
as one goes about teaching science facts and 
principles to pupils. 
Like any other teaching aid or pupil activity~ 
a particular exercise or experience in think-
ing may or may not be appropriate to use with 
a particular class at a given time. 
A certain demonstration for one class may be 
given to help obtain a particular fact of 
science, at another time as an experience in 
accurate observation, at another to utilize 
~evious knowledge by predicting 1what will 
happen 1 , at another as an aPtplication of a 
recently studied principle. t · 
However, it must be added here, that 11 A demonstration 
performed by a teacher who points out what is happening and 
indicates the conclusion which should be drawn or how it 
illustrates a particular principle may furnish little experience 
1/ G. P .. Cahoon, 11 Using Demonstrations for Providing Pupil 
Experiences in Thinking", Science Ed)lcation (Oct., 1946), 30:196,_ 
• 
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in thinking. 111/ However, 11 thinking11 comes when the principle 
is applied. 
Before presenting a rev~ew of the research in which 
the lecture-demonstration is compared with other methods 
of science teachint,, the evolution of the popularity of the 
demonstration method should be mentioned. Web~/ states 
that it developed in this manner; 
"The growth of the demonstration method as a 
substitute for the individual experiment was 
accelerated by the depression, during which 
time funds for opera tin:g the schools were much 
reduced. It was argued that if the course in 
science be given by demonstrations, only one 
set of apparatus need be procured; whereas if 
it were given by student individual or group 
experiments a considerable number of duplicate 
sets must be pux•chased. 11 
Cunningham's summary of 11 Lecture Demonstrations Versus 
Individual Laboratory Method in Science Teachingn..J./ covers 
a twenty-five year period. The f'iel.d of research includes 
eighteen Master 1 s Theses, six Doctorate Studies, and other 
studies. All of the reports were published in such pro-
fessional periodicals as: Journal of Ed,.lcational Psychology, 
School Science and Mathematics, School Review, Journal of 
Educational Research, and Pennsxlv~nia School Jour~al. From 
the results rep or ted by the experimenters, Cunninghamb!/ . 
1/ John S. Richardson and G .. P. Cahoon, op. cit.., p. 67 • 
2/ Charles S. V/ebb, 11 The Teaching of Advanced Science 
Using the Demonstration Methodn, School Science and 
Mathematics (January, 1938), 38:23~ 
3/ Harry A. Cunningham, 11 Lecture Demonstrations Versus 
Individual Laboratory Method in Science Teaching - A 
Summary 11 , Science Education (March, 1946), 30:70 .. 82 .. 
.btl ±bid., p. 76. 
• 
states that; 
11 Twenty-eight studies gave specific attention to 
the general outcome - immediate recall or immed-
iate results. Twenty gave results favoring the 
demonstration method; six favored the individual 
laboratory method; and two said that there was 
no difference Lbetween the two metho~?. 
Of' the twenty-four studies that gave specific 
attention to delayed results, then favored the 
demonstration method, eleven the individual 
labor a tory method, .and three reported no differ-
ence. 
The interest stimulated in the pupils by the 
two methods was studied in seven of' the enter-
prises. The majority of the pupils in three lOf the enterpriseit favored the demonstration 
method; and .in f'our /Of' the enterprises7 favored 
the individual laboratory method. -
All of the studies - fifteen - that gave atten-
tion to the time required by each of' the two 
methods reported a saving of time under the 
demonstration method. The time saved varied 
f'rom one-f'if'th to one·half'. 11 · 
Later in the summary, Cunningham~/ tells of' the treat .... 
ment of' scientific thinking in these studies by these 
comments: 
"seventeen studies gave attention to one or more 
of' the elements of' scientific thinking but no one 
undertaking made even a slight beginning in the 
study of' this problem in all of' its many aspects. 
The elements of' the thinking process that were 
studied in some of' the undertakings were as 
follows: amount retained in thought work; making 
proper conclusions to an experiment; application 
of' principles learned; ability to think in terms 
of' science subject; ability to follow the steps 
in scientific procedure; per cent of' thought 
questions answered correctly; method of' attack 
on new problems; scientific attitude; ability to 
1/ Op. cit., p. 76 
observe; learning a scientific principle; greater 
carry-over ability; ability to distinguish between 
fact and superstition; and ability to generalize. 
Of the seventeen studies that gave attention to 
some phases of this big and very important problem, 
twelve favored the demonstration method; four the 
individual laboratory method; and one came to the 
conclusion that the pupil could learn to think 
about equally well.by either [ziiethodJ. 11 
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This comp~ehensive statement is part of the concluding 
remarks made by Cunn~ngham1/: 
11 0ur decision, as to what to do in practice, is 
made easier when we realize that all of our 
laboratory teaching need not - should not be done 
by one method. It is possible that we may be 
ignoring a whole continuous series of possibil-
ities between these two extremes. In many cases 
it may be found best to use both methods in teach-
ing a given idea in science. 1t 
The studies presented in the summary of Cunningham 
were ranked according to the criteria presented in an 
article by Stuit and Englehart!/ by Keiser3/ as to their. 
superior or inferior value~ It is .well to note here that 
Keiser used only the first six of the seven criteria to 
determine the value of these studies. The seven criteria, 
as~established by Stuit and Englehart, are as·follows: 
(1) specification of experimental factors; (2) control of 
1/ Ibid., p. 79 
~/ Op. cit., pp. 380-391. 
3/ Louis B. Keiser, The Present Status of the Lecture-
Demonstration Versus the Individual Laboratory Method 
of Teaching Science iri the Hi@ School, Unpublished 
Master's Thesis, City College of New York, 1933. 
pupil factors; (3) control of teacher factors; (4) control 
of general school factors; (5) duration of experiment; 
(6) measurement of achievement; and (?) interpretation of 
experimental data. 
For comparative purposes the writer has used the-
studies of Anibel1/, Knox_g/, and Wileyl.l in this discussion 
because each study is partly concerned with the demonstra-
tion method ~ersus the laboratory method of teaching high 
school chemistry. The proble~ of the research as stated by 
each author and the significant conclusions, in part, will 
be related. 
The study of Fred G. Anibel4/, ranked superior, is as 
follows; 
Problem: To determine scientifically through 
objective data how the results of teaching 
high-school chemistry by lecture-demonstration 
method compared with the individual laboratory 
method. 
Conclusions, in part: 
1. The immediate retention is as adequate 
when material is presented by the lecture-demon-
stration method as whe~ the class is taught by 
y Fred G. Anibel, "Comparative Effectiveness of Lecture-
Demonstration and Individual-Laboratory Method", Journal 
of Educational Research (May, 1926), 13:355-365. 
2/ w. W. Knox, 11 The Demonstration Method Versus the 
Laboratory Method of Teaching High School Chemistry", 
School Review (May, 1947), 35:376-386. 
3/ William H. Wiley, 11 An Experimental Study of Methods 
in Teaching High School Chemistry", Journal of Educa-
tional Psychology (April, 1918), 9:181-198. 
H/ Loc. cit. 
• 
the regular individual laboratory procedure. 
Indications are that the lecture-demonstration 
procedure would result in better ilnmediate re-
tention. 
2. The delayed retention is so-little 
dif?erent that one method may be considered as 
good as the other. There was a slight indica-
tion that the material was better remembered 
when taught by the individual laboratory pro-
cedure. 
3. The brighter students are likely t£ 
profit more by the lecture-demonstration method 
than are the others. uij 
The study by ·w. W. Kno.J:./, ·1Jil4. ich was ranked superior, 
•is as follows: 
Problem: To establish the relative value of the 
demonstration and laboratory methods of science 
instruction. 
Conclusions, in part: 
1. The demonstration method is superior to 
the laboratory method in teaching mentally 
heterogenous groups of pupils for the purpose of 
immediate retention land relatively permanent 
retentioB7of subject matter in high school chem-
istry. 
2. For the purpose of imparting to a group 
of pupils a scientific attitude and training in 
a method of attack on new problems, the demon-
stration method is equal, if not suparior, to 
the laboratory method of instruction. 
3. From the standpoint of the coefficients 
of correlation, it appears that-the demonstra-
tion method provides su~erior opportunity for 
adaptation to individual differences in mental 
ability so far as teaching for immediate reten-
tion, delayed retention, and method o~ attack 
are concerned. 4. So far as providing knowledge and method 
of attack are concerned, the laboratory method 
is slightly superior to the demonstration method 
in the case of tne average inferior pupil • 
1/ .Lac. cit. 
.. 
•• 
5. For the purpose or providing knowledge 
ror both immediate retention and relatively 
permanent retention, and for the purpose of 
providing a technique ror handling new problems, 
the demonstration method is much to be pre-
ferred to the labbratory method in the case or 
. the average superior pupil. 
Before stating the problem and significant conclusions 
of a study r~nked inferior ~Y }S:eiser1/ according to the 
first six of the seven crit~ria geveloped by Stuit and 
Engleh~rt~/, it should be recognized that the study made by 
Wiley-~/ was a pioneer enterprise, being published in 1918. 
Probably it has been ranked as of inferior value because 
of the following factors; no mention is made of any attempt 
to measure the mental abilities of the pupils~/; the tests 
to measure immediate and delayed retention were of doubtful 
validity; the method of scoring the tests was highly sub-
jective; and there was no mention made of statistical 
treatment of the data found. 
The study made by William HR Wiley!/ is as follows; 
Problem: To determine the best of the three 
methods of teaching chemistry, the textbook 
reci.tation method, the so-c~lled lecture 
Ldemonstration7 method, and the laboratory 
method. 
Conclusions, in part: 
1. There is not as great a dif.ference 
l/ Loc. cit .• · 
J:./ Op. cit., pp. 380-391. 
:}../ Loc. cit. 
k/ Note the date of publication of the first group 
intelligence tests .. 
2./ Loc. cit •. 
• 
as is ordinarily supposed in the value of the 
three methods, lecture lftemonstration7 , text-
book, and laboratory, so far as imparting 
knowledge is concerned. 
2. For immediate learning the textbook 
method is unquestionably superior. 
J. For permanent learning the laboratory 
method is perhaps slightly ~upe rior. 4. In every respect the lecture Ldemon-
stration7 method is the least effective in 
imparting knowledge to high school students. 
5. The rate of forgetting is greatest 
with the textbook method and least with the 
laboratory method. 
6. The different methods show decided 
individual differences both for immediate and 
delayed reproduction. 
?. Probably a combination of the three 
methods willgive the best results in teaching 
high school chemistry. 
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Stuit and Englehart~/have also made an excellent crit-
ical analysis of the le-cture demonstration versus the indi-
vidual laboratory method of teaching high school chemistry. 
A summary of their report, which consisted of the combined 
conclusions of various investigators, is as follows; 
Conclusions contending that the laboratory method 
is superior: 
lt There is a slight indication that 
material was better retained when taught by 
the individual laboratory method - Anibel. 
2. The order of preference of the methods 
studied places the individual laboratory method 
before the demonstration method ... Horton. 
3. In every respect the lecture method is 
least effective in imparting knowledge to high 
school students - Wiley. · 4. For permanent learning the laboratory 
method is perhaps slightly superior - Wiley. 
5. For providing knowledge and method of 
• 
attack, the laboratory method is superior for the 
inferior pupil - Knox. 
Conclusions claimi~that the demonstration method 
is superior: . · 
1. Bright pupils are more likely to profit by 
the lecture-demonstration method than are the 
others - Anibel. 
2. Dull pupils profit more from demonstra-
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tion than from individual laboratory work - Carpenter. 
3. The lecture-demonstration takes less 
time and costs less - Anibel. · 4. The teacher (demonstration) meuhod is 
best - Nash and Phillips. 
5. Lecture-demonstration method gives better 
control over the individual since all are under 
teacher guidance - Pugh. 
6~ For purpose of providing knowledge for 
both immediate and permanent retention and for 
the purpose of providing technique or handling 
new problems, the demonstration method is much 
to be preferred to the laboratory method ih 
case of average sup9rior pupil - Knox. 
Conclusions contending that the students achieved 
equally well by either method! 
1. Immediate retention is about equal in 
both lecture-demonstration and individual-labor-
atory methods - Anibel. 
2. There is not as great a difference as 
is ordinarily supposed in the value of the 
three methods, lecture, textbook - and labora-
tory, so far as imparting knowledge is concerned -
Wiley. 
3. The results of this experiment point to 
the conclusion that the majority of students in 
high-school, laboratory-chemistry classes, taught 
by the demonstration method, succeed as well as 
when they perform the experiment individually, if 
success is measured by instruments which measure 
the same abilities as are measured by these 
tests, namely, specific information and ability 
to think in terms of chemistry - Carpenter • 
General conclusions based on evaluation of the 
reported research: 
After considering the above conclusions 
the writers have arrived at a few ideas which 
seem justifiable in the light of the evidence 
• 
given by this study •. 
1, No method can be considered to be the 
best in every case. The objectives of chemistry 
teaching, the preference of the teacher, the 
nature of the pupil, and the facilities of the 
schools will largely determine which method 
should be usedo 
2. In small schools where money and space 
are not plentiful the lect~e-demonstration 
method seems to be most practicable. 
3. The written test carinot be used·to 
test all the outcomes of a course in. high school 
chemistryo Some sort of manipulative tests 
seem necessary to test the laboratory skills. 4. The problem of the relative merits of 
the lecture-demonstration and individual-labor-
atory methods still ·seems unsolved and as complex 
as ever. More careful experimentation, involving 
careful control of non-experimental factors and 
reliable testing,. is needed in order to justify 
any definite and final conclusions. When exper-
imentatio.n has shown the relative supEiriorities of 
the methods in terms of out comes, the methods 
should be evaluated in terms of the values 
attached to these outcomes. 
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Evidence of the evolution of teaching methods parti~ 
cularly by the visual method is apparent in the next study 
to be considered,. that of Smith!/ o The visual method has 
been long recognized by leading educator-s as one of the 
most val-uable ways of training pupils in all stages of 
learning. It is difficult, as a result, to find a school 
that does not, in one way or another, make use ofvisual 
aids in teaching. The alert te.acher and administrator 
are constantly seeking suggestions and illustrations by 
means of which the vague conceptions of the pupils may 
be made into real facts and parts of their experience. 
y Herbert A. Smith, 11 A Determinatio.n of the Relative 
Effectiveness of Sound Motion Pictures and Equivalent 
Teacher Demonstration in. Ninth Grade General Science", 
Science Education (April, l949), 33:214-221. 
• 
I 
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Any method will not be it can provide both 
clarity and simplicity 
In the study done 
overlooked if 
combined.£/ 
by Smit~/ the problem involved was~ 
1. What is the relative effectiveness in ninth 
grade general science classes of experimental 
demonstrations PBPformed oy the teacheF.and 
equivalent demonstrations presented through the 
medium of educational sound motion pictures. 
2. The determination of the relative effective-
ness of these two instructional techniques with 
pupils of different levels of intelligence. 
In the plan of study three methods of presentation were 
used: (l) teacher demonstration, (2) use of films, and (3) 
a combination of teacher demonstrations and the use of 
films. The conclusions made, as a result of this study, 
were as follows; 
1. Educational sound motion pictures and teacher 
demon$tration are of equal merit as instructive 
devices in ninth grade general science when they 
include essentially the same materials in so far 
as merit can b~ determined by the techniques em-
ployed in this investigation. The use of either 
method singly.is as effective as thf3 combination 
of the two. ·· · ·· ' ·. · 
2. There is a tendency for increased intelligence 
as expressed in terms of an intelligence quotient 
to be accompanied by increased learning where 
learning is represented by the gain of final over 
initial test scores. on tb,e objective tests used 
in this investigation. The degree of relation-
ship is independent of the method of instruction 
1/ Paul Arthur, Lecture Demonstrations in General 
Chemistry, McGraw Hill Book Company, New York, 1939, 
pp. 2-4 .. 
~/ Op. cit., pp. 214-215. 
• 
utilized indicating the same relative value ~or 
sound motion pictur•es and teacher demonstrations 
portraying essentially identical materials re-
gardless of the level of intelligence of the 
students. 
Certain similard ties exist between the problem of 
this science seminar and the problem investigated in the 
study by Croxton. 1/ His problem was stated thusly: 
urs the failure of children to generalize due 
primarily to lack .o~ power or tendency, or is 
it simply du~ to want o~ sufficient experience •••• " 
In this study most of the experiments tested the 
pupils 1 ability tq formulate and apply a principle after 
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eight minutes exposure to the essential experimental basis 
in the form of a demonstration or directed play. The ten-
tative conclusions made by Croxton2/ are as follows: 
1. The data indicates that·many children in the 
higher primary, the intermediate, and the junior-
high school grades are capable of generalizing. 
2. While the experiments do not prove that most 
pupils in the kindergarten and lower primary 
grades could not generalize if a more adequate 
experience basis was provided, the data together 
with the evident obsession manifested by these 
children for obtaining emotional satisfaction 
do suggest that early childhood is preeminently 
a period ~or satisfying reactions. 
3. There is little in these experiments to 
suggest that jru1ior-high school pupils possess 
markedly superior abil-Lty to generalize than 
intermediate grade pupils possess 2 the di~fer­
ence in the scores in :ravor of the f"ormer being 
1/ w. C. C:roxton, Hpupils 1 Ability to Generalize", 
School Science and Mathematics (June, 1936), 36:627-634. 
2/ Ibid., P• 634. 
- -.--
little moru than micht ~e~spnably be credited to 
added experience.. · 
In summary, therefore, of the research and studies 
compiled by investigators on the value and the effective-
ness of the lecture-demonstration, as compared to other 
methods of science teachin.g'such as the individual labora-
tory method, the textbook method 1 and sQund motion pictures, 
it. can be concluded that the lecture-demonstration method 
o:f science teaching is equal to, if not better than, any 
other method of teaching. It incorporates direct experi-
ence of the pupil, pupil experience in thinking, utiliza-
tion of the senses, understanding processes, application 
of scientific principles, and ability of the pupil to 
generalize.. Through the use of the lecture-demonstration 
most, if nat· all, of these above qualities are satisfied. 
Again, the writer would like to cite the fact that the 
___,. 
lecture-demonstration method is equal to, if not better 
than; any other, l:lf~thod of teachine; science. 
2. Criteria for a Good Demonstration 
Statement. of the t;?roblem. --There are two problems involved 
in developing a list of criteria for a good demonstration::: 
(1) to define cle~rly the word 11 demonstrat·ionn as it is to 
be used: in this experiment; (2) to evolve, through re:ference 
e· 
• 
to the literature, the criteria. 
Need for research.--Since the demonstration is the 
ins~ructional procedure selected for use in the experiment, 
it is necessary to clarif'y the meaning of the demonstration 
method. 
Nolll/ has pointed out the fact that investigators 
seldom define teaching methods carefully and minutely 
enough. Various writers have repognized the need in re-
search .for accurate definition of terms. Like Noll, 
R:iedel2/ has made a plea for clear definition of teaching 
methods and experimental procedures. Mack 3/ has stated 
that there are as many definitions of 11 demonstJ;>ation 11 as 
there are authors treating the subject. PrestonbJ/ a1.so 
realized this and called for clarification and unification 
of terminology. 
Most of the literature on the demonstration method 
fails to recognize the difference between the lecture-demon-
stration, the class experiment, and the illustrated lecture. 
1/ Victor H. Noll, ~he Teaching of Science in Elementary 
and Secondary Schools, Longrams, Green and Co., London · 
and Toronto, 1939, P• 63. · . 
. 2/ F. A. Riedel, 11 What, If Anything, Has Been Proved as 
to the Relative Effectiveness of the Demonstration and 
Laboratory Methods in Science?tt School Science and Math-
ematics (May, 1,927), 27:.513. · 
3/ Joseph A. Mack, "Desirable Qualities in Demonstration 
Apparatus", School Science and Mathematics (Jan., 19.50), 
.50:21. . 
4/ Carleton E. Preston, 11 Is the Debate in c·ommon Terms?" 
Science Bducation (February, 193.5), 19•14-16. · 
/ 
• 
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Preston l/ attributes much of the success of lecture-demon-
strations to their actually being class experiments. 
Definition of demonstration.--The demonstration is in this 
experiment actually a lecture-demonstration. Reference to 
the literature will help to clarify the meaning. First, 
the udemonstration 11 is defined by the Dictionary of Educa-
tiong/ as follows: 
11 (1) The method or process of presenting or 
establishing facts; (2) the procedure of doing 
something in the presence of others either for 
means of showing them how to do it themselves 
or in order to teach a principle. 11 
The same source3/ defines the lecture-demonstration thus: 
11 An instructional procedure in which the verbal 
message. is accompanied by use of apparatus to 
illustrate principles, determine or verify facts, 
clarify different parts, or test for comprehen-
sion of material under discussion~ 11 
PrestoJ±/ fUl"'ther clarifies the concept of the lecture-
demonstration as distinct from the class experiment: 
11 In true lecture-demonstration the teacher shows 
everything, explaining or interpreting each point 
as he, or some pupil, performs the work. In true 
class experimentation the teacher endeavors, by 
well~directed q.uestions, to get the members of 
the class to observe or come to conclusions them-
selves as to the proper interpretation, and per-
haps to plan further steps or procedures. Thus, 
1/ Loc. cit. 
2/ Carter V. Good (Editor), Phi Delta Kappa, Dictionary 
of Education, McGraw-Hill Book Company, Inc., New York, 
1945,p. 124. . 
3/ Ibid., p. 238 
-4/ Carleton b. Preston, The Rig~ School Science Teacher and 
His Work, McGraw-Hill Book Company, Inc., New York and London, 
1936, PP• 192-193. 
in the lecture-demonstr$tion the flow of information 
and exp-lanation is from teacher to pupils; in the 
claa·s experiment it is exactly the opposite. 11 
Elsewhere, in defining lecture-demonstration, Preston11 
mokes the point that 11 no questions interrupt the speaker 
and he asks his audience none; other than for rhetorical 
effect .. 11 
Preston, however, does not distinguish the lecture-. 
demonstration from the illustrated lecture as does the 
Encyclopedia of Modern Education:~ 
..,.._ 
11 The lecture-demonstration differs from the 
illustrated lecture in that the latter focuses 
attention on the screen and shows the relation-
ships by means of pictures, slides, moving 
pictures or sr:e cimens while the lecture-demon-
stration focuses attention on the lecturer who 
shows the relationships through the use of 
manipulation of physical material, machines or 
appliances. 11 
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The meaning of 11 demonstration 11 is furthe1."' expanded by 
the following observa:bion made by Mack: 3/ 11 Inherent in the 
concept of demonstration is the factor of movement ·of mater-
ial things, not a static condition or display. 11 This so-
called dynamic quality of the demonstration leads Mac!d±/ 
to exclude from the demonstration procedure certain stand-
ard teaching materials: 
1/ Carleton .D. Preston, 11 Is the Debate in Contrnon Terms ? 11 
Science Lducation (February, 1935), 19:14-16. 
gj Harry N. Rivlin, Encyclopedia of Modern Education, The 
Philosophical Library of New York City, New York, 1943, p. 452. 
3/ Op. cit., p. 21. 
1±/ Loc. Cit. 
BosioLL U:.i.vorsit:y 
.chool of Educatio'l 
Library 
11 objects, unless they can be or:erated ••• so 
also, specimens, samEles and parts ••• Likewise 
models, as such, are barred unless they are 
working models; so also, miniatures and enlarge-
ments." 
Although micro-projection tecbniqJ.es are gaining increasing 
favor in demonstration work,l/ it would seem that this 
method should also be excluded on the same basis as the 
other visual aids. 
Further, MackE/ states that the demonstration is 11 an 
appeal through the senses of sight and hearing and less 
frequently through the -other senses. 11 He would, therefore, 
exclude from demonstration work materials that appeal to 
only one· sense; such as, transparencies, pictures, charts, 
recordings and radio reproductions. 
Thus certain characteristics of the demonstration have 
been determined by definition. These are: 
1. The demonstration is an instructional procedure. 
2. It is frequently used to teach principles. 
3. It differs from the class experiment. 
4. It differs from the illustrated lecture. 
5. Movement and action are essential. 
6. It is an appeal throu&~ two senses: sight and hearing. 
The necessary implications of each of these statements have 
already been suggested. 
1/ Mary A. Ott, 11 1\Ucrotechnique for Projection Demonstration 
in General Science 11 , School Science and Mathematics (January~ 
1946), 46:68-73. 
2/ Op. cit., p. 21 
Review of the literature.--A review of the literature 
was made in order to· diE:~cover those basic principles which 
might be used as a guide in doing demonstrations. 
First, a search was made to locate any previous studies 
that paralleled this investigation. The Bibliographic 
Index provitled the necessary references. It was found that 
many investigator·s had subjectively listed criteria in one 
form or another. Howeve~, only one study, documented with 
references, proved simila;r to this one. Mack1/ covered 
many of the same sources in developing his checklist for 
evaluating desi.rable qualities of demonstration apparatus. 
He lists as 11 factors 11 those conditions inherent in the 
physical surroundings and in good techniques and as 
11 qualities 11 those conditions inherent in the apparatus. 
Much of his research had to be duplicated in this review, 
but for a different purpose which called for more complete 
and descriptive statements. 
A working bibliography was developed consisting of 
five types of sources: (1) professional journals and 
science publicati~ns, (2) methodology textbooks, (3) teach-
ing science textbooks, (4) audio-visual texts and 
(.5) books on experiments. The following reference sources 
were consulted: Bibliosraphic Index, Encyclopedia of 
. l 
Educatio~al Research, Biblio~raphies and Summaries i~ 
1/ Op. Cit., pp. 19-31. 
Education, Reader 1 s Guide, International Index, Ulvichts 
Periodical Directory, Vertical File Service, and the 
Education Index. 
~here was great variety in the nature of the material cov-
ered which included such items as: 
1. Steps to follow 
2~ Desirable qualities 
3. Desirable charac teri sties 
4· Points to keep in mind 
5· Rules for demonstrating 
6. Suggestions for making aemonstrations effective 
7. Criteria 
8. General discussions of the demonstration method 
vvorks included in this study fall into four categories: 
(1) Those vih.ich deal with the demonstration in a general 
sense; (2) those from the field of biology (3) those from 
the field of physics (4) those from the field of chemistry. 
Several of the authors in the first category, the 
• 
11 general 11 , emphasize only one or a few aspects of the use 
of demonstrations. In discussing the presentation of 
example demonstrations, Cahoon1/ indicates certain steps 
taken to insure effectiveness of the demonstration and 
emphasizes only visibility and size of apparatus& 
1/ G. P. Cahoon, 11 Using Demonstrations for Providing Pupil 
Experiences in Thinking", Science Education (October, 1946), 
30:196-201. 
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Colvin1/ offers three cautions to be observed in class demon-
strations. Hoff2/emphasizes only visibility and planning. 
Pinkus3/ suggests the need for apparatus especially designed 
for demonst;roation pw:-poses ahd stresses the factor of visi-
bility. 
A few in th:Ls same group attempt more detailed coverage. 
Potthoff$)±/ for example, . of' fer s several suggestions for per-
forming demonstrations ef.:('ectively and contributes many ex-
cellent idel:\s.. In discussing the art of lecture table 
demonstration, Davison51 mentions several rules to follow 
in demonstrating. Rakestra~ touches on six different 
aspects of the good demonstration in h~s extensive discussion 
of lecture-demonstration. 
1/ Stephen Sheldon Colvin, An Introduction to High School 
Teaching, The Macmillan Company, New York, 1924, Ch. 12. 
'£/ Arthur G. Hoff, §..econdary School Sc~ence Teaching, The 
Blakiston Company, Philadelphia and Toronto, 1947, PP• 188-
189~ 
Jl L. F. Pinkus, 11 Some Suggestions in Demonstrations 11 , 
Science (October 2), 1933), 78:364. · 
Y/ Edwal"d F. Potthoff, 11 The Use of Demonstrations in Science 
Teaching", Science Education (December, 1945), 29:253-255. 
5/ H. F. Davison, 11 The Art of Lecture Table Demonstrationn, 
Journal of Chemical Education (June, 1927), 2:443-7. 
6/ No:1:1ris W. Rakestraw, "The Function and Limitations of 
Lecture Demonstra tionll J.. Journal of Chemical Education 
(November, 1929), 6: 18ts2-l886- · · • 
• 
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Still others in the "general 11 group have systematically 
attempted to list criteria in some form. Billinger1/ lists 
five requirements for a succesful demonstration. Dale2/ 
offers fourteen suggestions for improving demonstrations 
and eleven questions for evaluating them. Under "demon-
stration techniques 11 , Haasl/ lists ten steps to be com-
pleted before conducting the experiment and five sugges-
tions for conducting it. Heis~/ elaborates on seven ex-
cellent rules for demonstrating. Holley5/ lists seven 
things a teacher can do to insure successful demonstrations. 
Mack6/ developed a lengthy checklist of desirable qualities 
in demonstration apparatus. In a group thesis edited by 
Murray7/, f:ive criteria for a demonstration were listed 
1/ R. D. Billinger, 11 Lecture Demonstration Experiments 11 , 
Journal of Chemical Education (August, 1937), 14:375-7~ 
2/ Edgar Dale, Audio-Visual Methods of Teaching, -The Dryden 
Press, New York, 1946, p, 125~130. 
3/ K. B. Haas, 11 The Demonstration and Field Trip as Training 
Techniques 11 , Business Education World (February, 1951), 
31:291-293. . 
4/ Elwood D. Heiss, Charles w. Hoffman, and Ellsworth s. 
Obourn, Modern Methods and Materials for Teachin Science, 
The Macmillan Company, New York, 19 0, pp. 171- o 
2/ Charles Elmer Holley, Higg School Teachers Methods, The 
Garrard Press, Champaign, Illinois; 1937, · p •. 229. 
6/ Op. cit., p. 27-29 • 
7/ Chalmers Murray (~ditor), New and Improved Demonstra~ 
tions, Each Illustrating a Single Science Principle, Un-
published Masterrs Thesis, Boston University, 1950. 
• 
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which had been developed in a seminar discussion~ Richard-
son and Cahoon~/ list five qriteria for a good demonstra-
tion. Selberg~ lists sixteen common errors in demonstra-
tion techniques (actuall:Y cless experiment techniques) and 
offers an excellent plan to follow in doing classroom demon-. 
strations. In the second categopy, the works from the field 
of' biology, only one st1,1dy was found. Gramet3/ lists eight 
characteristics of the good demonstration. 
In the third category, works from the field of physics, 
the same breakdown can be made as for the first category. 
Among the few who emphasize only one aspect, Coylek/ 
·_. 
stresses the value and importance of vertical mounting of 
appar•atus on special boards. Also, Sutton-2/ stresses the 
need for simplicity and originality,. Among his suggestions 
for improving physics teaching, Weaver£/ stresses visibil-
ity and size of apparatus. 
1/ John s. Richardson and G. P. Cahoon, Methods and Materials 
for Teaching General and Physical Science, McGraw-Rill Book ' 
Company, Inc., New York, Toronto and London, 1951. 
:?:/Edith M. Selbert, 11 A Plan .for Developing Better Techniques 
in Giving Science Demonstrations, Science Education (October, 
1932), 16:417-420. . 
3/ Charles A. Gramet, "Demonstration Lessons in Biology 11 ,. 
Science Lducation (February, 1934), 18:33-36. 
1±/ J.P. Coyle, E. c. Hmsen, and R. B. Coe, 11 Demonstra-
tions Made More Visible 11 , Chicago Schools Journal (November, 
19 41 ) 1 2 3 : 64-8 0 . I . 
5/ Richard M. Sutton, 11 The Importance of Scientific 
Instruments and Apparatus to the Teachers of Physics 11 , Review 
of Scientific Instrt~ents (December, 1941), 12:573-582. 
6/ Elbert c. Vie aver, 11 Teaching Physi-es Effective1y11 , 
School Science and Mathematics (May 1944), 44:402. 
.e 
Hitchcock1/ emphasizes action as the essential qual-
·~-
ity of good demonstrations a.p.d includes, as he elaborates 
this theme, many other criteria. 
Duff2/ is the only one in the field of physics to make 
a systematic listing. He enumerates nine desirable qual-
ities in demonstration experiments. The fourth and final 
category, the works from tb~ field of chemistry, may be 
similarly analyzed. Arthur3/ presented a lengthy discussiop 
on visibility including many excellent suggestions. Reed~/ 
discusses in some detail fo~~ aspects of good demonstrations 
and techniques. Wiles5/ also deals only with a few aspects 
of successful demonstrations. 
Dunbar§/ lists eleven desirable characteristics in 
demonstrations. His list is based on Duff's and includes 
1/ Richard c. Hitchcock, 11 I Like Action in Physics Demon-
strations11, School Science and Mathematics (December, 1941), 
41:832-839. . . . . . 
2/ A. W. Duff, 11 Desirable Q.ualities in Demonstration Ex-
periments", School Science and Mathematics (November, 1928), 
28:857. . . 
3/ Paul Arthur, Lecture Demonstrations in General Chemistry, 
Mc-Graw-Hill Book Company, Inc., New York and London, 1939, 
Ch. 1. 
4/ Hufus D. Reed, 11 High School Chemistry Demonstrations 11 , 
Journal of Chemical Education (November, 1929), 16:1905-9. 
5/ L. A. Wiles, 11 The Value of Lecture Table Demonstrations 
in the Teaching of Chemistry 11 , Journal of Chemical Educa-
tiol:! (September, 1928), 5:1109-1111. - · 
6/ Ralph E. Dunbar, 11 Some Desirable Characteristics in 
Chemistry Demonstration EXJ?eriments 11 '. School Sci.ence and 
Jdathematics (January, 1950), 50:19-31. · · · · 
specific examples in chemist~y, Frankl/ provides twelve 
suggestions ~egarding use of class demonstrations which 
he believes to be justified by the experience of a number 
of teachers. Gould2/ enumerates on eight to consider in 
planning and performing demohstrations. Van Horne1/ 
offers five suggestions for the preparation of apparatus 
and material,s and fou~ rules to: f'oJ.low in conducting 
demonstrations. 
Treatment of the data.--From the literature selected 
for inclusion in the study, each separate statement which 
seemed to form the basis of a possible criterion was· noted 
on an individual card. Items were accepted for considera-
tion if they were mentioned once. They were rejected on 
the basis of (1) inconsistency with the definition of a 
demonstration developed~ or (2) inconsistency with the 
design of the experiment. The items thus selected for 
inclusion in the list of criteria were organized into the 
outline W1ich appears below. The criteria themselves are 
listed as major statements. Sugg~stions for implementing 
them are listed as sub~topics under the criterion to Which 
they seem best to apply. This arrangement is entirely ar-
ll 
J. 
2/ Arthur B. Gould, 11 Dem.onstratian Experiments and Their 
Place in the Teaching of Chemistry 11 , Journal of Chemical 
Education (Febr•uary, 1931), 8:297-302. 
3/ Donald Van Horne, ttThe Lecture Demonstration Method 
in High Scho·ol Chemistry", Journal of Chemical Education (January, 1930), 7:109-116. ·· · · · · · 
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bitrary. Many of the items organized as sub-topics were 
in some studies listed S.'s a 11major cri terion11 • Vavious 
items included as sub..,.topics were mentioned by different 
authors in different place.s.. However, an arbitrary organ-
ization seemed justified on two bases: (1) no two of the 
'1/ 
studies duplicate each -other- ; and (2) the nature of the 
material covered is. of such diver-se nature. The criteria 
thus organi,zed were submitted to the seminar for criticism 
and revision. This list was accepted as it appears below. 
Selected criteria.--The criteria for a good demonstra.,. 
tion as used in this. experiment are as follows: 
CRITBRIA FOR A GOOD DEMONSTRATION 
I. THE DElVIONS'I'RATION SHOULD ILLUSTRATE A BASIC PRINCIPLE. 
II. THE DEMONSTRATION SHOULD ILLUSTRAT~ ~ PRINGIPLB ONLY. 
III. THE ACTION OF TID!.. DEMONSTRATION SHOULD B.l:!i CLEARLY 
YISIBLE AND AUDIBL~ TO ALL. 
A. Remove .all the audio-visual dis tractors. 
B. Make sure the lighting .facilities are adeq.uate. 
Spotlight or otherwise sufficiently illuminate 
tbe thing being demonstrated. 
C.. Adjust window shades so that students can see 
from all parts of the room. 
' . 
D. If necessary, rearrange the seating so that 
everyone has an unobstructed view. 
1/Dunbar 1 s list of desirable characteristics is based 
on the list developed by Duff. 
E. Be sure that tho&e with poor hearing and . 
vision are seated appropriately. 
F. Have the demonstration table arranged so 
that all pupils can see the demonstration. 
1) Vertical mounting of apparatu.s is es-
peci~lly effective. 
2) Place the apparatus well forward on the 
desk, facing out toward the pupils. 
3) Place demonstration table in best posi-
tion for all tb see from all angles. 
G. Vvherever possible, make use of col. or contrast 
to make the apparatus or materials stand out. 
IV. THE APPARATUS SHOULD BE ON A LARGh SCALE. 
A. The apparatus must be clearly visible from the 
furthest corner of the room. 
B. Where a thermometer (or other meter) is essential 
to the demonstration, use a mock-up or V\0 rking 
mode],. to help the class visualize this part. of'" 
the procedure. 
c. Large signs and diagrams may be used to 
supplement the spoken word. 
1) They must be previously prepared. 
2) They must be cJ,.early visible to all. 
3) Green print on yellow is preferable to 
black on white. 
V. THE DEMONSTRATION SHOULD uJORK: IT SHOULD BE A::? IN-
FALLIBL~ AS POSSIBLh. 
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A. Apparatus sho~ld be in sound working condition. 
-:{- B. Apparatus: ~hould be as simple as possible. 
1) Simplicity Q~ ~peration. 
2) As few parts ~s possible. 
3) Avoid crowding, overlapping and masking of 
the parts· • 
.;~ c. The demonstration should be rehearsed in advance. 
D. The demonstration should be well-planned and 
prepared. 
1) Set up apparatus and have all mater~als 
carefully arranged on the demonstration 
table before the class meets. 
2) All the necessary measuring and weighing 
should be done before class. 
J) Scales and graduates sho~ld pe placed 
away from the. demonstration table when 
no longer in use. 
VI, THE D&~ONSTRATION SHOULD Bb SIMPLh AND Tiill SPBED OF 
ACTION &UITABLE •. 
A. Use simple setups and place the equipment in 
e order on the table so that the action can pro-
ceed logically. 
?~<--These might well be separate criteria. 
B. Talk while you work. Be sure to: 
1) Emphf;lsize .the main points; do not digress. 
2) Keep summarizing as you go along. 
3) See to it that the demonstration moves on 
quickly to a conclusion; do not hurry or drag. 
c. Use a simple vocabul,ary. 
VII. THE DEMONSTRATION SHOUL~ BE PrNAMIC. 
A. By definition, movemeni{ and action are essential 
to the demanst:J:'ation. 
B. Positive effect~ of motiop are more impressi.ve 
than null effects of static display. 
VIII.A SLIGHT DRAMATIC bLEMENT IS SOMETIMES USEFUL. 
·rx. A~ hLEMhNT 0} THE UNEXPECTED IS SOMETIMES EFFECTIVE. 
X. THE APPARATUS SHOULD B~ OF EASILY AVAILABLE AND INEX-
PENSIV:b MATERIAL. 
------
xr. THE APPARAT0S USED IN THE GIVEN DEMONSTRATION SHOULD BE 
STORED A'vvAY INTACT UNTIL IT IS TO BE USED AGAIN. 
The frequency with which the above mentioned criteria 
were mentioned by the sources consulted is indicated by the 
chart below. The count was ma~e merely for general interest. 
It has, however, certain obvious values. The frequency of ' 
mention of the various criteria provides means of establish-
ing tneir validity. The table shows the relative importance 
of the criteJ:~ia as recognized by the~e authorities. 
.. 
Table 1. The li'requency ot Mention of the 
Selected Criteria by the Sources 
Consulted. 
Author- Criterion Number 
Source l 2 3 .bb .. 5 6 7 e· 
1. Arthur •••••• X X X X 
2. Billinger ••• X X X X X 
3. Cahoon •••••• X 
4. Coyle ••..••• X 5. Colvin •••..• X X X 
6. Dale . .... 4 •• X X X X 
7· Davison ••.•• X X. X X X 8 .. Du.ff • ....... X X X X X X X X 
9. Dunbar •...•• X X X X X X X X 
10. Frank •••••.• X X X X 
11. Gramet •.••.. X X 
12. Gould ••..... X X X X X 
13. Haas .•. -. ..•.• X X 
14. Heiss •.••••• X X X X X 
1.5. Hitchcock ••• X X X X 
16. Hoff •••..••• X X 
17. Holley ••••• , X X X X 
18. Mack •.••..•• X X X X X X X X 
19. Murray •••••• X X 
20. Pinkus •....• X X 
21. Potthoff •..• X X X X 
22. Rakestraw ••• X .. X.. X X X 
23. Reed ••..•.•• X X X 
24. Richardson •• X X X X 
25. Riedel· •••.•• X X X 
26. Selberg ••.•. X X 
27. Sutton •••••• X 
28. Van Horne.,. X X 
29. Weaver X X 
30. Wile s ••.•.•• X X X X 
Frequency •...••• 11 7·25 19 22 14 4 7 
Criterion number l I '2! 3 4 5 9 7 7 
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3. The T~st Technique 
A. St~:ucture ot: the Test 
Multiple choice item~.~~~hfr test is composed ot: approx-
imately thirty multiple choice items. Each item is in the 
form of an incomplete sentence f _dJ:> a question, referred to 
as the stem, accompanied by thl'ee or more possible responses. 
Of the possible responses pr-esented to the examinee, one is 
the ~ response. The exawinee is a~so presented an 
answer sheet upon which he checks in the parenthesis the 
response he has selected. The construction of the response 
items, in accordance with suggestions made by Ross1/, has 
been grrummatically consistent~ approximately or equal 
length,_ and plausible, in so far as po&sible. The writer 
has endeavored to make the type of responses for each item 
homogeneous in nature, in order to detect higher levels ot: 
:understanding and discrimination. 
This 11 best-answer 11 variety of the multiple choice test 
means simply that one response best refers to the stem of' 
the item. Each item provides 11 a response that comp!;:ltent 
critics can agree upon as best."£/ The competent ¥ritics 
in this -specific situation compose a group of in-service 
1/ c. C• Ross, Measurement in Today 1 s Schools, 
Prentice-Hall Iric., New York, 1947, P• 150 
2/ R. L. Bbel and E. F. Lindquist (Editor), Educational 
Measurement, George Banta Publishing Co., Menasha~ · · 
Wiscon~in, 1951, p. 232. 
• 
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science teachers. The wr~ter has taken great care to 
11make all distractors plausible and attractive to examinees 
who lack the information or abil~ty tested by the item11 ,1/ 
and "avoid highly teqhnical distractors 11 • 2/ In ref'erence 
to the multiple choice t~pe test, Ode113/ states that 
1
'they may be used to test not only knowledge of' f'acts and 
amount of' acquired inf'ormation, but also knowledge of' cause 
~;~nd .ef'f'ect relationships, ability to make comparisons, to 
evaluate, to apply, ~o illustrate, to def'ine, and so f'o:rth.' 
They are easier to prepare, and also to score, than some of' 
the other types. 11 He f'urther addsbJ./ 11 almost all kinds of' 
multiple answer tests can be constructed so that they 
possess px>aotically perfect objectivity. 11 The scorer is not· 
faced with the problem of partial credit on this type of an 
examination. Ei.ther the response that is _checked upon the 
paper is correct, or it is not correct, with no qualif'ica-
tiona. 
Levels of diffiou::Lty.--The writer is making an attempt , 
to determine to what probable extent application and recog-
nition, as well as understanding of a scientific principle 
17 ov. cit., p. 234. 
2/ Ibid~, p. 235. 
- --. 
3/ c. W. Odell, Traditional Examinations and New-Type 
Tests, The CenturY' Co., New York and London, 1928, p .. 282. 
4/ Op. cit., p. 282., 
have been gained throtj.gp the demonstration activity. Fo:r 
this reason, it is necessary for the examiner to approxi-
mate the difficulty range o~.the test items which he has 
prepared. It is well r~cbgnized that there are variou& 
levels of learning.l/ In order to measure these levels -of 
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learnj.ng, a testing device ot var;tous ·levels of difficulty 
must be constructed. The actual judgment of item difficulty 
must be left up to the subjective judgment of the test con-
structor'. 11 The use o:r subjective judgment in estimating 
item dif:ficulty at th,e stage o:r ite~ construction is to be 
encouraged. Such judgments, when based on all available 
expel:'ience, are distinctly help:ful in leading to the con~ 
struc tion of items of the desired difficulty. n£/ The con~ 
structor has ample opportunity to construct the items of 
yarious degrees of difficulty by using more remote subject 
matter applications, or by including unusually good dis-
tractors in the test items. Odel;L~/ states that, in 
reference to good distractors, 11 thei~ selection /distractors7 
will depend to some extent upon how difficult it. is desired 
to make the test. ~ncorrect answers should, however, never 
be obviously incorrect to a pupil who knows little or 
1/ W. A. Brownell and U. M. Sims, The Measurement of 
Understanding, Forty-fifth Yearbook, National Society 
for the Study of Education, 1946, University of Chicago 
Press, Chicago~ Illinois, pp. 27~43. 
2/ K. W. Vaughn -and E. F'. Lindquist (Editor), Educational 
Measu!'ement, George Banta Publishing Co., Menasha, 
Wis~onsin~ 19$1, p. 174· 
3/ Ibid., p. 286. 
nothing of the matter dealt with •••• n 
The various levels of learning may be broken down to 
.three broad f,ategories. The first level of learning may 
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be labelled, or described as me~e factual retention. The 
second level employs enough understanding of the factual 
retention so that the learner -?8fl recognize and apply, in 
simple situations 1 the principlef:! or concepts which he has 
retained. The third level of learning is reached when. the 
learner can recognize and apply the understanding of the 
factual material to more compl~x, unfamiliar, and difficult 
situations. The test has been constructed with these three 
levels of learning in mind. The first third of the test is 
concerned with items of th~ first +evel of learning, and so 
on. Thus, the test can be said to measure three levels of 
learning, all concerned with the same demonstration, and 
the same scientific principle. This method of testing 
tells the examiner to ~pproximately what extent the pupil 
can recall, understand, or apply the principle. 
Vocabulary.--lt is only logical for one to assume that 
the vocabulary used throughout the experiment must be consis-
tent, or at least on the same level. Vocabulary comprising 
the test must, of necessity, be equivalent to that used 
during the demonstration. Inconsistent vocabulary is one of 
the factors which could unfavorably affect the reliability of 
the testing program. lf the vocabulary within the testing 
device is inconsistent with that of the oral demonstration, 
one can expect a low reliability of the whole testing pro-
cedure. Reliability, itself~ is the consistency with which 
a test measures 11what it m~asU!'es 11 • 
The vocabulary of the testihg device has been amended by 
the critic-jury to establish -consistency of vocabulary 
throughout the experiment and vocabulary comprehension at the 
grade level at which the test is used. 
The test tryout.-- 11 After a set of test items has been 
written, criticized by subject matter experts, and revised 
on the basis of their criticisms, it must ordinarily be 
tried out experimentally on a sample of examinees.nl/ 
Prior to any experimentation, the test was subjected to a 
tryout on at_least one hundred pupils of equivalent age 
and grade level, but are not included in the experiment. 
This independent tryout tended to expose any unusually poor 
items, or poor distractors among the possible responses. 
Such items could be dropped completely from the test, or 
eliminated in the final tabulation of the total results. 
As was stated previously, the total number of items 
in the test approximates thirty, but some may be dropped 
due to the discretions of the critic-jury, or as a result of 
the test tryout. 
1/ H. S. Conrad and E. F, Lin~uist (Editor), Educati~nal 
Measurement, George Baxata Pu};lishing Co,, Menasha, Wis-
consin, 1951, p. 250. 
7o 
The test period.-·The length of the testing period for 
both the pr·e-test and the post-test has been indefinite- .t in 
so far as no specific time limit has been set for either of 
the tests. The test period may continue on until every 
pupil has completed the test, in so far as possible. Each 
pupil is allotted sufficient tim~ to at least read all of' 
the i te:ms presented him.- A .multiple choice test of thirty 
items can be approximated as requiring a~out ten minutes to 
be read through completely. OdQlll/ has recommended that 
tton the average elementary-school pupils be expected to 
respond to three or fo~ such exercises Lffiultiple choice 
item~7 per minute. 11 
By allotting sufficient time for k11 examinees to 
attempt all the items, the influential factor of time it-
self is eliminated. As stated 1;>y Lindquist, 2/ 11 The most 
common way of reducing or eliminating the influence of time 
on tests is to set the time limits so liberally that all, 
or nearly all, pupils are able to consider or attempt all 
the i terns in the test. 11 Pupils are told :to complete all 
items, and are watched to see that they keep at this task 
\ffitil finished. 
1/ C. Vi. Odell, Traditional Examiria tions and New-Type Tests, 
The Century Co., New York and London, 1928, p. '285. ' 
2/ A. E. Traxler and E. F. Lindquist (Editor), Educational 
Measurement, George Banta Publ~.shing Co., Menasha, Wiscon-
sin, 1951, p. 340. 
B. Aims and Use of the Test 
Employing statistics.--The test is an instrument 
devised to obtain statistics f'or measuring growth of learn~ 
ing, due to a specific educatio~al·experience, namely a 
scientific demonstration~ Eve~y effort has been made in 
the construction of the test to·measure as precisely as 
possible, the 11meaningful learning 11 that has been grasped 
by each pupil subjected to the demonstration and the test ... 
retest procedure. The onl;y descl:'iptions of the learning 
and unoerstanding that have taken place are the statistics 
which can be applied to the result13 of' the tests taken by 
the examinees. In accordance with Guilford,1/ it appears 
obvious that 11 statistics enable us to summarize our results 
in meaningful and convenient f'orm 11 • The summaries of the 
test results will enable educators in the field of science 
education to make general conclusions and predictions con-
cerning the presentation of the particu~ar scientific 
principle that has been demonstrated. Experimental and 
statistical methods cannot be divorced from each other~ in 
so far as, 11 The experiment directs our observations and 
yields data. ey means of statistical methods, we can sum-
. 
marize those data, interpret them, and determine their 
1/ J. P. Guilford, Fundam.ental Stati'stics in Psychology 
and Education, McGraw~Hill Book Co., New York and Loridon, 
1942, p" 3. . 
.e 
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reliability. n1L/ 
In this respect, Brownell2/ has stated that 11 Altogether 
too commonly understandings are: disregarded in evaluation 
(and in teaching) in favor of outcomes which are more easily 
measured (and achiE}Ved). 11 
Test-retest method.--lf the educator is to measure 
growth, or learning, due to some specific learning activity, 
he cannot overemphasize the 11 ipiportance of knowing initial 
status with respect to understanding.u.J/ The writer is 
convinced that the only reliable method of measuring the 
amount of learning, due to some specific activity, is by 
means of the test-retest method. That is, by administering 
identical tests prior to, and after the learning situation. 
It is conceded that 11 not all the gain found can be correctly 
attributed solely to the remedial program ithe demonstration 
periodt Some of it is doubtless due to the practice effect 
or to familiarity with the test itself, part of it to 
teaching received outside of school, and part of it to 
natural growth. 111±/ For purposes of predicting this 11 probable 
gain", the writer has made use of a control group in the ex-
periment~ 
17 J. P. Guilford, Op. cit., p. 156. 
y W .. A. Brownell, The Measurement of Understanding, 
Forty-fifth Yearbook, National Society for the Study of 
Education, 1946, University of Chicago Press, Chicago, 
Illinois, p. 2. · 
Jl H. R. Douglass and H. F~ Spitzer, Forty-fifth Year-
book, Op. ci,t., p. 24. 
4/ C. C • R o s s , Op • o it .. , p. 2.06. 
T-
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what the test endeavors to determine.--Any increase 
in scores of the control ~oup on the post-test (the same 
test that has been given ~he second time) may be labelled 
as the probable gain that can be attributed to familiarity, 
or external factors concerning the test. The writer has 
sought to determine the signtficant increase of the scores 
.on the post-test of the experimental group, and compare 
this increase with any possible increase made by the con-
trol group on the post~test. By Y~owiLg auproximately 
what percentage gain on the test scores may be attributed 
to 11 chance 11 , as determined by the control group, the w:riter 
is able to conclude in this instance, that any significantly 
larger gain in the scores of the experiment group has been 
due to learning gained during the demonstration process. 
Assuming that the constructed test is both reliable 
and valid, statistics applied to the results emanating 
from the test will yield inVi=ilUable date, in predicting at 
what grade, or grades this specific scientific principle 
can be presented with predictively good results~ Stat~s­
tical interpretations of the test results are the means to 
these predictions. This is stated in essence by Guilford:~/ 
who· states that 11 statistical reasoning is basic· to all pre-
die tions u. 
1/ Ibid., P• 176. 
c. Characteristics of the Test 
Reliability of the test.--The reliability, being the 
.precision and consistency with which the test meas~s 
11 what it nieasures 11 , is a most important characteristic o:r 
the test. In this specific testing situation, the scores 
on the pre-tests and post-tests given to the experimental 
group cannot be correlated for purposes of determining 
reliability since the material being tested has been 
presented to the examinees in the period intervening the 
two tests. 
All external factors concerning the test have been 
kept as consistent as possible. The element of time does 
not detract from the reliability, because provisions have 
been made for each pupil to at least consider all the test 
items. The influential time factor has been kept at a 
minimum. Lindquist1/ concurs in stating that 11 The procedures 
/testin~7 become entirely unsatisfactory particularly in any 
test in which speed is a significant element in the score". 
The sampling of the material has been adequate, since 
all the test items have been constructed on the basis of a 
single scientific demonstration. A test of high reliability 
is further assured in the length of the test. It is gener-
ally conceived that the longer the test, the higher the 
1/ E~ F. Lindquist (Editor), Educational Measurement, 
~p. cit., p. 617. 
reliability. The test in consideration contains approxi-
mately thirty items, measuring the understanding derived 
from a single scientific principle. 
Validity.--Validation of the test items has been by 
jury, as mentioned previously. The jury was composed of 
in-servic~ science teachers. 
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CHAPTER III 
EXPEBIMENTAL PROCEDUEE 
1. Introduction 
The principle used in this part of the group study was 
76 
the determination for the modal age level for grades seven and 
nine of the difficulty of the principle: gases, liquids and 
solids expand when heated and contract when cooled. 
2. Description of Schools 
Two representative communities located a short distance 
to the South of Boston were used to carry out this study. The 
towns will not be mentioned by name, but will be :referred to 
as A and B. 
Town A.-- In this town, two Junior High Schools were 
used. The first school was built only a year ago. It is of 
the latest architectual design. No expense was spared in order 
to assure the pupils of every educational opportunity. Two 
seventh grade classes and two ninth grade classes participated. 
The students expressed a great deal of interest in the demon-
stration. This school will be referred to in the following 
tables as school number 1. 
The second school in this town was located in the same 
building as the Senior High School. However, the seventh and 
eighth g;r:ades we~ separated :erom tha upper four grades. !wo 
seventh ~e classes and. two ninth grade classes were ob• 
'bain.ed.. the se?enth grade classes were very interested in the 
demonstmtion- the ninth gxoade olaases, however• were rather 
indifferent. this. school will ~e referred to :tn the following 
tables as scho~l n~e~ 2. 
!f.ml!.~·- mwo seventh grade rila.sses were tested in this 
tow. Joth of these olassee were 1n the same aobool buildinS, 
which was of post CiVil war ocnst~'bion and 1$ now in tb.<f 
process of being c·ompletely :renovated. ihel"e were only $eventh 
and eighth gra.des m this school• '!his was a result ot ove~ 
Cl-OWding in the lo~ grade$ . .- fhe pupils exhibited a great 
deal of enthusiasm towards the demonstration. ~is school will 
be refet'red to in the following tables as school number s. 
pi§trJ,.quti;on o..r .e:et~-!J! .. Ooo,'Ra~at,i:n& Sohqol.~, ~ A tota3. 
of wo h~d and siX pupils were tested in this etua.,-. ~~he 
control group consisted ot one hundred and fi.ve pupils and ·' 
the e:qe:rimental group consisted of ninety-one. mhe following 
table will show the diStribution of these pupils not only by 
groupe, but by suhoole aa weUo It! :recording the pertinent data. 
~or this obaptsr and the next, all seventh grade classes ~e 
oonei.derad as one Qlaas. !his applies also to the ninth grade 
olasees, 
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\ Table 1. Distribution of Pupils According to Schools in the 
Control and Experimental Groups. 
School Gra ~e 7 Grade 9 Total· 
Con. Exp. Con. Exp. 
(1) -(2) (3) (4} 151 (6) 
1 14 14 16 15 59 
2 33 I\ 31 22 21 107 
3 20 20 -- -- 40 
Totals 67 65 38 36 206 
Note that the following table will show that the sampling 
in the seventh grade according to sex was very good for the 
control group. The experimental group had an approximate 
ratio of two boys to one girl. In the ninth grade this ratio 
was considerably reversed in both groups in favor of the girls. 
The ratio is approximately 2.6 girls to 1 boy. This can be 
explained by the fact that two of the ninth grade classes 
tested were all girl classes. 
Table 2. Distribution of Pupils According to Sex in the 
Control and Experimental Groups. 
Grade Control Exnerimental Total 
Girl Boy Girl Boy 
(1) (2) ('3) (4) (I)) (6} 
Seven ~1 33 25 40 132 Nine 11 26 10 74 
Totals 61 44 51 50 206 
' 
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.'3. Classroom Procedure 
The class was first divided into two groups by random 
selection. The experimental group remained in the room. The 
control group left the room in charge of the classroom teacher. 
A pre-test was administered to the experimental group. A 
time limit was set for ten minutes. The demonstration was then 
shown. Immediately following the demonstration a post-test was 
given. The time limit was also set for ten minutes. 
The same procedure as described above was followed with 
the control group. The one exception being that the demonstra-
tion was not shown. During that period the control group read 
magazines .• 
An answer sheet was passed out with the test booklet. 
After the pre-test, the answer sheet was collected. The test 
booklet was turned upside down on the pupilst desks. At the 
end of the demonstration, another answer sheet was passed out 
for the po·st-test. The same test was used for the pre-test 
and the post-test. The entire period was forty minutes long. 
' 
Table '3. Distribution of Time during the Classroom Period 
Minutes Experimenta1 Control 
Groun Groun (l} (2} TTI 
10 Pre-test Pre-test 
20 Demonstration Read Magazine 
10 Post-test Post-test 
' 
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4· The Test 
~e test was divided into three sections. Each section 
Qontained ten questions. The first section consisted of 
questions based on the demonstration. The second section con-
tained questions based on applications o.f the principle. The 
questions in the third section were o:f greater difficulty than 
those asked in either section one or two and required a greater 
amount of thought in order to answer them correotly. Each 
question had four possible answers, only one being correct. 
A copy of the test may be found in the appendix. 
5. The Demonstration 
The following equipment was used in the demonstration:-
A. Solids 
1. Classic bal~ 
2. Ring 
B. Gases 
1. 11U 11 tube 
2. Ring stand and clamps 
). lOOOco flask 
4. Rubber stoppers 
5. Glass and rubber tubing 
6. Alcohol lamp 
c. Liquids 
1. 500cc ~lask 
2. Long glass tube with stopper 
• 
:-~-
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3. Pan of ice 
4. Colored water 
This is a. picture of the apparatus set up for the damon= 
stra.tion. 
Plate 1. Demonstration Equipment 
The script which accompanies this demonstration may be 
found in the Appendix. 
6a Obtaining and Recording Test Results 
Record Qard.-- ~separate report card was made for each 
and ev~~ pupil tested. The information recorded on this card 
was very info~ative. It was as follows: 
1. Name 
2. School 
3. Town 
• 
~2 
4. Sex 
5. Chronological age 
6. I.Q • 
7. Group 
A. Experimental 
B. Control 
s. Questions correctly answered 
A. Pre-test 
B. Post-test 
g. Total Scores of both tests 
10. Grade level 
11. Mental age 
This card saved considerable amount of time in compiling 
the data. For example, the modal mental age for an entire group 
was obtained by placing a mark in the appropriate block on the 
edge of the card. The cards were then spread out until all the 
marks of the other cards could be seen. The modal age could 
I 
then be easily found by inspection. The same procedure was fol-
lowed in collecting other data from these cards. A sample of 
this card may be found in the Appendix. 
Modal Mental Age.-- The modal mental age may be defined 
as that mental age which is most prevalent in a group. The mode 
is defined as that point where the greatest number occurs in a 
distribution. 
In order to determine the I.Q. and the mental age of each 
pupil, the Otis Quick-Scoring Mental Ability Test was used. 
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Spaifically, the Beta Test Form Om with separate answer sheets 
was used .. 
With this information the modal mental age for both grades 
was found. When the mode was established, the experimental and 
aontrol groups were each divided into three sub-groups as fol-
lows: 
1. Overage deviate group 
2. Modal mental age group 
5 •. Underage deviate group 
The next two tables show that the random sampling done in 
the seventh grade was effective. The. modal mental age group, 
as well as the overage and underage deviate groups, are exactly 
the same in both the experimental and control groups. The 
range in the various groups differ by only two or three months. 
Table 4. Comparison of Mental Ability in Control and Experi-
mental Groups of the Seventh Grade 
Grade and Group Sub-group I Modal Mental \ Range in I 
Age for Each Mental Ability 
Group 
J~)j l2) l3} l4} 
Seventh Overage deviate 14-1 17-? 
Control to 
13-7 
Modal Mental 13-1 13-4 
Age to 
12-7 
Underage devi- 11-10 ·12-4 
ate to 
9-10 
S4 
Table 4. (concluded) 
Grade and Group Sub-group Modal Mental Range in 
Age :for Each Mental Ability 
Group 
{l) {2) l21 (4) 
Seventh Overage deviate 14-l. 17-7 
Experimental to 
13-10 
Modal Mental 13-1 13-4 
Age to 
12-7 
Underage devi- 11-10 12-4 
ate to 
9-7 
The random sampling done in the ninth grade was not as 
effective as in the seventh. This may be explained by the 
fact that twice as many seventh grade pupils were tested as 
were ninth grade pupils. Only in the overage deviate groups 
are the modal mental ages equal. The range in the modal 
mental age groups are similiar. In the range of the underage 
deviate groups, there is the greatest difference in the men-
tal ages. However, when the total range in the experimental 
and control groups are considered, the mental ability of 
both groups is approximately equal. 
The :following two tables will show the same comparison 
with the ninth grade groups as was previously shown with the 
seventh grade groups in Table 4· 
• 
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Table 5. Comparison of Mental Ability in Control and Experi-
mental. Groups of the Ni.n.t;h Grade 
Grade and Group Sub-group Modal Mental Range in 
Age for Each lMen~al Ability 
Group 
{lJ, O~J t3J ,4} 
... · 
Ninth._ Qverage deviate 1 15-7 17-7 
Control to 
15-4 
Modal Mental 15-1 15-1 
Age to 
14-1 
Underage devi- 12 ... 2· .. 13-7 
ate to 
10:...4., 
Grade and Group · Sub-group 1'. Modal Mental I Range in 
Age for Each. Mental Ability 
Group 
{1) {2) {3} {4) 
Ninth .. OVerage deviate 15~7 17-4 
Experimental to 
15-7 
Modal lVlental 14-10 15-l 
Age to 
14-l 
Underage devi- 13-4 13-10 
' ate ta: 
12-7 
The following two tables show the number of pupils in 
the three sub-groups by grade, school and control or experi-
' 
mental groups. 
Table 6. Number of Pupils in the Sub-groups of the Seventh 
Grade Control and Experimental Groups 
Grade Group Overage Modal Underage Total 
and a.eviate Mental a_eviate 
School Age 
(1) (2) ("3) (4) (SJ {6) 
Seven Control 
1 5 4 g 14 2 14 1.3 .3.3 
.3 8 .3 9 20 
Seven Experi-
1 mental 5 3 6 14 
2 11 8 12 .31 
.3 6 _7_ _7_ 20 
Tota· 49 38 45 132 
-
The next table will show a similar picture for the 
ninth grade control and experimental groupse 
Table ?. Number of Pupils in the Sub-groups of the Ninth 
Grade Control and Experimental Groups 
Grade Group Overage Modal Underage Total 
and deviate Mental deviate 
School Age 
r (1) (21 _(3) (41 ( t) ) {_Ql 
Nine Control 
1 4 9 .3 16 
2 4 6 12 22 
. 
N:Lne Experi-
1 mental 4 6 5 15 
2 7 4 10 21 
Total 11 ·. 10 15 .36 
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~he tables that follow are·intended to show the relation~ 
~hip of the modal mental age to the modal chronological age 
of each sub-group. The modal chronological age was obtained 
by taking each sub-group and finding the age of most common 
occureriee; i.e. the mode. 
In the seventh grade, the overage deviate groups have a 
modal mental age of one and a half years older than their modal 
chronological age. The modal mental age of the seventh grade 
overage groups is superior to the ninth grade underage deviate 
groups. 
In the ninth grade there is relatively little differ-
ence in the modal mental age and the modal chronological age 
of the average group. 
The seventh and ninth grades had in their modal mental 
age groups an average of a half year increase over their modal 
chronological age. The underage groups in both grades have a 
marked decrease in the modal mental age when compared to their 
modal chronological age. It is interesting to note that the 
average difference of the sub-groups in the seventh and ninth 
grades is 1 - 6 mental age years. 
Table 8. A Comparison of the Modal Chronological Ages and 
the Modal Mental Ages of the Three Sub-groups in 
the Seventh Grade 
Grade Group Sub-group Modal Modal 
Ohrono• Mental 
logical Age 
Age 
_l].J l2) l3J l4) l5J 
Seven Control Overage 12-7 14-l 
Modal 12-7 13-l 
Mental 
Age 
Underage 12-5 11-10 
Experi- average .12-5 14-l 
mental Modal 12-5 13-l 
Mental 
Age 
Underage 13-9 11-10 
The next table will show a aimilar picture for the 
ninth grade control and experimental groups. 
Table 9. A Comparison of the Modal Chronological Ages and 
the Modal Mental Ages of the Three Sub-groups in 
the Ninth Grade 
Grade Group Sub-group Modal Modal 
Ohrono- Mental 
logical Age 
Age 
ilJ l2J l3) {4) l5J 
Nine Control Overage 15-6 15-'7 
Modal 14-8 15-l 
.Mental 
Age 
Underage 14-10 12-'7 
(concluded on next page)· 
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• ·., 
Table 9-. {oo.noludetl} 
- . 
.. . .. 
.. 
Grade Gx-oup Sub ... group Modal Modal 
Onrono.-.: Mental 
logical Ase 
~ Age 
... '~ .. .. 
(l) .(21. • •,M •• · en ·, --(4} .. (51 ... .. 
·-. 
·····-
Nine Expet"i .... Ove~age 15 .... 7 lt? 
mental Modal 14-9 l :lO 
Mental 
Age 
Und.erage· 14-7 l:3..Jt. 
-·-· 
.. 
·-
.R.eeg;rding .of Pata.""'- The Otis Normal Peroen'tile Chart was 
used to reoo~ the scores of the various groups and to compare 
the scores of one group with another. 
Thette are ~ advantages in using this ohart~~ The ahart 
is so constructed that a ,n()rmal dist:ribution ourve beoomes a. 
straight line. In ·this type of chart the scores at both ex~ 
treme ~mas ot the d1s~~butioa ere ~ead with just a$. much ao-
~- ';t ;: . 
ouraoy as those ill the middle. 
O.ode. ysefi. i~ teeAing, t}le cha~!, .... The following is the 
code used in const:rueting or in read1.ng the _percentile charts 
whieh followt 
p~e means pre~teat 
poet means post ..... test 
7 means seventh grade 
9 mesne ninth grade 
-~means the experimental group 
o means the oont~ol group 
Subu means the underage {mental age) group of 
deviates. 
Sub means the overage (mental age) group of 
(i)) 
deviates. 
Red lines report pre-tests 
Blue lines report post-tests 
Solid lines denote experimental groups 
Dotted lines denote control groups 
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CHAPTER IV 
SUMMARY AND FINDINGS 
1.. Otis :No:r:tmal Pel'4ent1la Oha)':ttS 
9l 
Oha:r:tt I.-~ The purpose of Chart I 1s to establiSh 1t the 
random d1 v1 si on ot pupils was effeeti v&.. In the case ot the 
seventh g:ttaAe this division was efteot1ve. However, the 
ninth ~ade oont~ol ~~P proved supe:r:t1o~ to the ninth g.vaae 
expe~imental group. 
Ohaxat II .... - This ohtU~t shows the achievement or the 
seventh and ninth ~ade modal mental age cont~l and expe:r:t1w 
mental gl:*ou.pa. The two expe:r1mente.1 graoups i:mp:ttoved gl'eatly 
ove:r the ocntl'Ol gfoups. 'fhe seventh grade experimental was 
grree.te:r.- than the ninth ~s.de experimental as shown by the 
la:ttge:r ~ea between the lin~s :repx-esenting the control anti 
expe~imental ~oupa. 
Chart III,..,;; ... In thi$ c.he.xtt the gains 'between the pre .. 
v 
teats and the post .... tes~a: of the modal mental age expe:r:tmental 
f#IOUps of both gttades a:re eompa:r?ed... As the oha:t-t shows, both 
grades gained_ by appl:"oximately the sUte amount. The ninth 
gt'e.de so.o:t'ed highe:t" than the seventh ~s.de in both tests" 
Ohal't Iv ..... Ob.a:rt IV oompa:rwes the pre .... tests and post ... 
tests of the unde~age eont:rol and expe~imantal groups~ It 
shows that both gl"ou.ps beneti ted fr.om the demonst:rat:ton ~and 
by the same amount.. The ninth grade scored higher than the 
seventh grade in both tests. 
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Chart v.-- The purpose of Chart V is to compare the 
achievement on the pre-tests and post-tasts of the average 
experimental groups. In the pre-test and the post-test the 
two groups scored closely together with the ninth grade group 
sco~ng slightly higher. 
Chart Y..b.,-- The achievement of the three seventh grade 
experimental groups are compared in Chart VI. The underage 
deviate group scored lower than the modal mental age groupo 
The overage deviate group scorad the highest. 
Ghart VII.-- The achievement of the three ninth grade 
experimental groups are compared in Chart VII. The underage 
deviate group scored much lower than the other two groups. 
The modal mental age ~oup and overage deviate groug· scored 
very close together. The overage deviate ~oup was slightly 
higher than the modal mental age group. This graph indicatea 
that the saturation point in the understanding of the principle 
is being reached. 
2. Recapitulation 
The random division of the pupils was ef~ective in the 
seventh grade control and experimental groups. The ninth 
grade was superior in the control group. 
All experimental groups showed a gain in the post-tests. 
Therefore, the underage deviate groups, modal mental age groups 
93 
and overage groups benefited from the demonstration. 
In the seventh grade there was a difference in the scores 
in the three experimental groups in the post-tests. However, 
in the ninth grade only the underage deviate group scored low. 
The modal mental age group and the overage deviate group 
scores were very close together in the post-tests. This would 
seem to indicate that tha saturation point in the understanding 
of the principle is being reached. 
At this time, it is imposs,ible to draw any definite con-
clusions. In tima when each grade level has been tested and 
a substantial number of pupiis tested, a definite statement 
can be made. 
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~rections: Fill in the blanks at the top of the answer 
~heet. Each question in the test has four choices lettered 
A, B. C and D. On your answer sheet place a cross (x) under 
the letter of the correct answer. Answer every question. 
Do not write .2!!. the test paper. Use~ answer sheet. 
Sample question: What color is snow? 
A. Black 
B. White 
C. Red 
D. Green 
Answer £B the Answer Sheet: 
A B C D 
( ) (x) () ( ) 
The correct letter was B. Therefore, a cross has been placed 
under the letter B. ~not do this. 
I B c D ( ) (x) ( )(x) 
• 
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;:>CIENCE TEST 
pirections: Answer every question. Do not write on this paper. 
Use the answer sheet. 
1. What happens when air is heated? 
A. Air increases in size. 
B. Air decreases in size. 
c. Air v'li.ll weigh more. 
D. Nothing happens. 
2. When a metal is cold, it is --
A. very cold .. 
B. painful to touch .. 
c. larger when it was hot. 
D. smaller than when hot. 
3. What happens to a liquid if it contracts? 
Ao It will become colder. 
B. Nothing will happen. 
c. It will get hot. 
D. It will expand. 
4. Why are sidewalks made with many cement blocks instead of 
one long piece? 
A. It will prevent the sidewalk from cracking. 
B. The cracks allow the rain to wash off. 
c. It makes the sidewalk look pretty. 
D. Cement comes only in blocks. 
5. During the winter a water-tank is filled to the very top. 
What will happen in the summertime? 
A. Nothing will happen. 
B. The water will contract. 
c. More water can be placed in the tank. 
D. It will overflow. 
6. What will happen if a metal ball is heated? 
A. It will contract. 
B. It will expand. 
c. It will evaporate. 
D. It will explode. 
• 
•• 
A frytng pan will become· a· little bigge~ when it is ~­
A.. placed in e. snowb$.l'ilh 
B. not being used. 
o. placed on a hot stove • 
D. placed on a. oold stove. 
a. When a eoppel' wire ia heated,. what will happen to 1t? 
A. It will become· cold. 
a. The W1:re will become shc:rtev. 
0. Bothing will happen. 
D. Xt will beoc.me longev. 
e. When a liqUid expands* it must become ... -
A. oolde;r., 
B.. smalle~. 
c. hottw. 
D. contra.oted. 
·10.. When all" :ls oooled,. it becotnes - ... 
A. bigge:r. 
B. ex;randeti. 
0. smaller 
D. cloUd'f 
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11. Two nails a:re the same length. One nail 1s heated. The 
othe:r is placed in ioe ... we.te:r. They al'e n<Jw measUl'ed. What 
has happenect? 
A. They tU"e still the same length. 
B. The eold nail is longel' .. 
a. Both are now smaller. 
D. lfhe hot nail :te longer. 
!elephone wi:re a,e placed t1ghtly between two poles on a 
hot summe:r day. What will happen- to the. Wi:r:-e dttl':lng the 
winte:t-? ., 
A. Nothing. 
B. B:reak~ 
o. Expand. 
D. Oa~:ry a lot of calla. 
A llWge sl.lucepan was filled to the ve17 top w1 th bo1llng 
we.te~. !he saueepe:n was allowed tn oool. Wba.t happene4 
to the wate~? · 
• 
• 
A. The wate~ overflowed. 
B. The water cont~acted. 
a. Nothing. 
D. The water kept boiling • 
14. A balloon was filled with air. It was then held over a 
hot stove. What happened to the balloon? 
A. The air in the balloon became cold. 
B. It became smaller. 
c. Nothing. 
D. It became larger. 
15. An expansion tank is used in a hot-wate~ heating systam. 
Why is this tank necessary? 
.A. Hot water occupies more space. 
·B. Hot water occupies less space. 
a. It is used to store water. 
D. People bathe in it. 
16. a radiate~ in the living-room will be larger --
A;. when it is cold. 
B. when it is painted silver. 
c. when it is painted black. 
D. when it is hot. 
17. During a cold day a man filled his car tires with a lot 
of air. . The weather the next day was very war.m. What 
happened to the tires~ 
.a. They. became very flat •. 
B. They remained the same. 
Qj. They exploded. 
D. The air contracted. 
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The next question is number 18. Oheck your answer sheet. Are 
you on ~~~r 18? 
18. A car radiator is used to cool the engine. What would 
happen to the radiator if it did not have an overflow pipe? 
a. The water would expand and break the radiator. 
B. The engine would not run. 
a. The water would remain cold • 
D. Nothing .. 
• 
• 
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~9. G~ass is held in a window by strips of' metal. In the 
summer, the glass is held tight. What will happen in the 
wintel!'? 
A. The glass will be just as tight • 
B. The glass will be loose. 
C. The glass will be held very. tight. 
D. The glass will be hot. 
20. What will happen if a balloon filled with air is placed in 
a pan of ice water? 
A. 
B~ 
a. 
D. 
The·balloon will become larger. 
The air will contract and the balloon will expand. 
The air will·expand and the balloon will contract. 
The balloon will become smaller. 
21. A glass stopper on a bottle will not come out. What would 
you do? 
A. Place the stopper and bottle in cold water. 
B. Place only the bottle in hot water. 
G. Place the stopper and bottle in hot water. 
D. Place only the bottl~ in cold water. 
22. The shorter a pendulum on a clock, the faster the clock 
will run. What will happen if the clock is placed over a 
hot radiator. 
A. The clock will be a ·lit:t,~le fast. 
B. The clock will keep perfect time. 
~ The clock will be a little slow. 
D. The clock will stop. 
23. Many times when a building is on fi:tte, the doo:tts and windows 
are blown out. Why does this happen? · 
A. Fire is very explosive. 
B. F~i:tte causes the air to expand. 
a. The windows and doo:tts were not built oor:ttectly. 
D. ~ire causes the doors and the windows to expand. 
24. A gasoline station received 2500 gallons ea:ttly one cool 
summe:tt mo:ttning. The meter :ttead "Full". Only five ~allons 
were sold. At noontime, the mete:tt again read "Full • What 
do you think? 
A. It is impossible .. 
B. It is possible. 
c. The meter did not work. 
D. No gasoline was sold. 
• 
• 
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25. During one season of the yea~, a steel bridge is 900 feet 
long. What_season of the year will the bridge be 900 feet 
5~ inches? 
A. Spring • 
B. Summer. 
G. Fall. 
D. Winter. 
26. A large tin can is heated. The cover is then placed on it 
very tightly. This cover is air tight. The can is then 
placed in ice water. What will happen? 
A. The air pressure of the room will compress and break 
the can. 
B. The air in the can will expand and break the can. 
c. Nothing will happen except the can will be cooled off. 
D. The heat of the can will heat the water. 
27. A metal flag pole is 200 feet high. The sun rises in the 
East and sets in the West. At noontime, the flag pole bends 
a slight amount. In what direction does it bend? 
A. North. 
B. East. 
a. South. 
D. West. 
28. What is the best way to remove the metal covers of fruit 
or jam jars?. 
A. Place only the covers in cold water. 
B. Saw of the co~ers• 
a. . Break the jar .. 
D. Pour hot water over the covers .. 
29. On what kind of a day would you let air out of a car tire 
to keep it at the right pressure? 
A. A. hot day. 
B. .A mild Spring day. 
o. A cold day. 
D. A mild Fall day. 
30. If we applied the same amount of heat to the following items, 
which would expand the most? 
A. Water. 
B. A metal.. 
c. Air 
D. A frying pan •. 
.. ~ .... -
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'!his 1$ the end ot the test. !!!here are SO questions. 
Have you e.nswe:r$d them all? 
Go back and cheCk all ,-our a.nswer:a. 
.. 
• 
• 
ANSWER~ 
Name 
School 
Date o:f Birth 
t 
Age .t ~H:~::~.ow=--m-a:ny--y-e_a_r_s -=-h-a_v_e______ t 
you studied science? 
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DO NOT WRITE IN THIS SPACE 
Raw Score. _____ _ 
Weighted Score ___ _ 
I. Q •. ______ _ 
Model Age _____ _ 
·- - - - - - - - - - - - - - -Do you plan to go 
to college? 
Directions: Answer every question. 
Sample question: What color is snow? 
A. Black 
B. White 
a .. Red 
D. Green 
e Answer on answer sheet: 
,,. 
Do .!1Q.i do this: 
A B C D ( ) (x) ( ) ( ) 
A B a D ( ) (x) ( ) (x) 
-------------------------------------
1 .. ABaD 5. ABCD g. ( )( ) ( ) ( ) ( ) ( ) ( ) 
2. A B c D 6. A B c D 10. ()()()() ( ) ( ) ( ) ( ) 
3. A B c D 1. A B c D llo ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
4. A B c D 8. A B c D 12. ()()()() ( ) ( ) ( ) ( ) 
ABCD ( ) ( ) ( ) '( ) 
A B c D ( ) ( ) ( ) ( ) 
A ·B c D ( ) ( ) ( ) ( ) 
A B c D ( ) ( ) ( ' ) ( ) 
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ANSWER SHEE~ 
-2-
-
The next answer space is for question 13. Are you read-/ 
ing question 13? 
13. A B c D 19. A B c D 25. A B c D ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
14. A B c D 20. A B a D 26. A B c D ()()()() ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
15. A B c D 21. A B a D 27. A B c D ()()()() ( ) ( ) ( ) { ) ( ) ( ) ( ) ( ) 
16. A B a D 22. A B c D 28. A B c D ()(){)() ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
17. A B c D 24. A B c D 29. A B a D ()()()() ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) 
18. A B a D 25. A B a D 30. A B c D () ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )· 
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TEE BEOORD CARD 
1 
3 4 5 6 7 8 9 10 11 12 2-4 
5-7 
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SCRIPT 
Today we are going to lear.n an important scientific 
principle. However, before I tell you what this principle is, 
it .is necessary that you understand the meaning of the two 
words "expand'' and. "contract". (Write words on blackboard .• ) 
Let us take the word "expand" first. Expand. means to 
grow larger or become bigger. When an athlete talks about 
his expansion, he is talking about how large his chest 
will become when he breathes in a large amount of air. If a 
storekeeper talks about expand.ing his business, he will either 
make the store bigger or make more money. In either case, the 
store or the profits will become larger. 
Now let us take the word "contract". Contract means just 
the opposite of expand. Contract means to become smaller. 
suppose yon take a bath sponge that most people keep in their 
bathrooms and squeeze it between your hands. You have made 
the sponge smaller. The s~onge has been contracted. Remember 
expand means to become larger and contract means to become 
smaller. 
In order to ~ake the meaning of these two words clearer, 
I have here a ball and ring. This ball and ring a.re made out 
of metal. Notice that the ball will just pass through the 
ring. I will now light this lamp.. The lamp prod.uces a very 
• 
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hot flame. I will now place the ball in the flame. We Will 
have to wait for a few moments for the metal to become hoto 
Now that the ball is hot, I Will try to put it through 
the ring. As you can see the metal ball has become larger and 
Will not pass through the ring. In other words, the metal 
ball has expanded. 
You Will notice that in this pan there is some ice. The 
water is very cold. The ball is now placed in the ice water. 
The ball is cooled. Now the ball Will easily pass through the 
ring. The cold has made the ball smaller or contracted it. 
Let us see What Will happen if we heat the ring. ~he 
ball goes through the ring without any trouble. Now we Will 
cool the ring. The ball Will just fit. Again the heat caused 
the metal to expand and the cold water caused it to contract. 
You have probably noticed the other equipment here. Be-
fore I can use them, there is something else that you should 
know. Everything in the world -- solids, liquids and gases --
is made up of very tiny particles. You all know the A-Bomb 
is made up of atoms. Atoms are also very tiny. TWo, tbree or 
more atoms make up a molecule. It is these molecules that make 
up everything in the world. 
These molecules act like people. They are always moving. 
If the molecules become hot, they move very fast. If they be-
come cold, they Will move very slow. 
We Will now continue with this comparison of molecules and 
• 
• 
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people. Let us compare this flask with a bus. The flask is 
full of molecules of air. There is plenty of room for them to 
move aboutv On the bus, when everybody is seated, the people 
have plenty of room to move around without getting in each 
other's way~ Now, when I heat this flask, the molecules of air 
will begin to move around and bump each other. There is not 
enough room for all the molecules. On the bus if all the people 
began to move around at the same time there would not be enough 
room for everybody. Some of the people would be pushed out. 
In the flask, some of the molecules of air will pushed out. 
In oraer to prove to you that air will expand when heated, 
I have set up this experiment. When the flask is heated, the 
molecules of air begin to move faster. The air will expand. 
The molecules push down on this water in the "U" tube. As they 
molecules move faster and faster, air bubbles are pushed through 
the wetter into the air in the room. Just as some of the people 
were pushed out of the bus. 
Let us now go back to the example of the bus. Suppose we 
wished to fill the bus with as many people as possible. In 
order to do this the people would have to sit and stand very 
still. If they moved around, they would begin to take up more 
room than they should. We can slow down molecules by making 
them cold • 
I will take this pan of ice water and place the flask in 
it. The flask becomes cold and also the molecules of air inside 
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of ito The molecules d.o not move as quickly; hence, will not 
take up as much rooma The air Will contract. Notice that the 
water in the "U 11 tube moves up towards the flask, replacing 
the space that the air once occupied. The air has now contracted 
or has taken up less space. 
Let us now turn our attention to this flask of colored 
water. Notice that when I place this rubber stopper with the 
glass tube into the flask some water goes up the tubea This 
is because the air between the stopper e.nd. the water has pushed 
down on the water and forced some water into the tube. We have 
already learned that when a solid or a gas is heated, they will 
expand etnd when they are cooled, they will contract. Now let 
us find out if the same thing will happen to a liquid when 
heated and cooled. In this case, we will use water. 
I will now heat the water. Watch to see what happens~ 
The molecules of water are now beginning to move very fast. 
They are taking up more spacee The water is rising in the tube. 
The water is expanding. 
Let us wait a moment until the flask cools. I am going to 
place the flask into the ice water. If I did this right after 
I heated the flask, it would cracko The flask and the water 
inside of it are now becoming cold. The molecules are slowing 
down. The water is contracting. 
You have now learned a very important scientific principle. 
You have learned that when you heat any solid, liquid or gas 
they will expand a.nd when you cool them, they will contract .. 
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Perhaps you can think of many ways in which man has made 
use of this principle. · It has been used to make life more com-
• fortable and enjoyable for all of us. 
... ''W· 
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